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Executive Summary 
Mapping the Impact of Urbanization on Green Spaces: 
The Human Drivers of Land Use/Land Cover Change in 
Delhi 
Rapid urbanization across the globe poses a severe threat to the urban environment 
and sustainability. The increasing urban population exerts pressure on existing natural 
resources for food and shelter, leading to degradation and loss of urban greenspaces 
and water bodies. The deficit of urban nature manifests in the loss of valuable 
ecosystem services like air purification, water infiltration, reduction in water 
pollution, micro-climate regulation, noise reduction and carbon sequestration (Kong 
et al., 2007) and other related nature-derived benefits. Thus, there is a pressing need 
to protect and restore the functioning of these spaces through conservation and 
suitable management practices (Devy and Swamy 2009). Towards this, the present 
research aims at critically analyzing the global drivers of changes in green spaces, 
understanding the impact of Delhi’s urban growth on the extent and fragmentation of 
green spaces, exploring the attitudes and perceptions of the public on parks (one of 
the most important remaining green spaces in most cities) in Delhi and finally, 
assessing the management and communication networks that are associated with park 
governance. The findings of this study can serve as a useful reference for planning 
authorities and urban designers for the enhancement and preservation of urban green 
cover, to help meet the needs of the park visitors, and improve effective park 
governance towards the goal of providing a satisfying urban park visitor experience. 
All this will ensure the protection and enhancement of biodiversity and support green 
spaces to improve human health and well-being in stressful urban environments.                                                  
Objectives 
This thesis achieves the overall aim through a series of objectives. They are to: 
 Critically analyze the drivers of change in urban green spaces in developed 
and developing economies of the world in recent decades. 
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 Understand the impact of urban development in shaping differences in the 
extent and fragmentation of green spaces in Delhi and assess the role of public 
institutions in protecting green spaces.  
 Understand urban park visitors’ perceptions of and expectations from nature in 
selected parks in New Delhi. 
 Analyse the structure of management and communication networks that 
influence the performance of Delhi parks. 
The thesis has been organized in six chapters. First, chapter 1, “Introduction” 
describes the growth of urban population in the world and its impact on the global 
environment. It also briefly discusses the benefits of urban green spaces and 
highlights the relevance and implications of studying the distribution, accessibility, 
perception and governance of urban greenspace in Delhi. 
This thesis achieves the overall objective across a series of four chapters with each 
chapter addressing a specific research objective. These four interlinked studies 
provide an integrated understanding of the manner in which urbanization influences 
the extent, distribution and dynamics of green spaces, the expectations and 
perceptions of public uses of urban green spaces (parks) and the management and 
communication structures of parks in Delhi.  
Chapter 2 of the thesis, “Review of drivers of change in urban vegetation,” 
synthesizes 66 case studies from developed and developing countries, to understand 
the proximate causes, underlying driving forces of urban vegetation change and the 
relation between the two. The study also facilitates identifying research gaps in the 
domain of urban vegetation change and provides the theoretical underpinning for this 
research.  
Delhi today is reeling under tremendous population pressure. Its impact is felt across 
the landscape by rapid conversion of the agricultural, open and other natural areas to 
built-up land. This irreplaceable loss of green space has led to large scale modification 
of ecosystem functioning and greater environmental degradation of the city. Thus, 
there is a critical need to understand the impacts of urbanization on the ecosystems 
and green space, so that they can be managed well for sustainable development of the 
city. Hence, Chapter 3 of the thesis “Vegetation Change and Fragmentation in the 
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Mega City of Delhi: Mapping 25 Years of Change,” aims at understanding the impact 
of urban development in shaping differences in the extent and fragmentation of green 
spaces in Delhi and the role of public institutions in protecting green spaces. The 
study has been conducted in three zones of the city namely city Core, Transitional, 
and city Periphery. These three zones represent areas having different densities of 
urban development corresponding to different time periods. In addition, the role of 
public institutions in protecting green cover has been assessed. The ‘public 
institutions’ comprise areas owned and managed by different State and National 
Government institutions. They include ‘archaeological sites’, ‘military 
establishments’, ‘educational institutions’, ‘urban parks’ and ‘reserve forest areas’. 
Satellite images from 1986, 1999 and 2010 were used to map the vegetation 
distribution, its change and fragmentation. Supervised classification categorized the 
land cover into three classes for each time period – vegetation, built-up area and other 
areas (water, non-tree and non-urban land cover categories). Classification was carried 
out by integrating training information derived from field observations, topographical 
sheets and visual interpretation of Google Earth images. Field observations and 
interviews also facilitated identification of the drivers of green space change. Image 
addition techniques were used to combine multi-date classified images to create 
‘change images’, with each pixel providing information on land cover change over 
time, for two dates. Further accuracy assessment of the change detection image was 
carried out using an identical, independent set of 60 randomly selected ground 
verification points, applied across all three dates. The Landscape Fragmentation Tool 
(LFT) was used to find out the pattern of vegetation fragmentation in the landscape. 
On the basis of edge width, LFT classifies vegetation cover into patch, edge, 
perforated and core. Following this, the percentage of area within each vegetation 
change trajectory and the proportion of different fragmentation categories in each of 
the three zones and public institutions have been calculated. 
Both the vegetation change maps of 1986-1999 and 1999-2010 achieved a high 
degree of classification accuracy. Results of the analysis show that spatially, 
vegetation decreases from the city core towards the periphery. Temporally, there is an 
overall decrease in vegetation from 1986 onwards. The vegetation covers in the Core 
and the Transitional zone have been adversely impacted by growing urbanization and 
infrastructural expansion. Despite this, the city Core has the maximum vegetation 
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cover because of planting of trees, especially avenue trees, in Lutyens’ Delhi and the 
presence of large parks and the Central Ridge forest area in the Core. Vegetation 
cover in the Transitional zone has a lower proportion of vegetation cover than the city 
Core, mostly found in the densely vegetated Cantonments, military and educational 
campuses, as well as the Northern Ridge and Central Ridge forests. The Periphery has 
the least green cover. In contrary to the general trend, this zone has experienced 
vegetation increase and decrease in fragmentation owing to the cessation of mining in 
the Southern Ridge forest, afforestation programs and creation of small forest patches 
on village public lands. Results also demonstrated that public institutions have been 
instrumental in protecting green spaces and limiting its fragmentation, especially in 
the city Core. Amongst all the public institutions, archaeological sites, military and 
educational campuses have experienced a decrease in vegetation cover, due to urban 
construction, expansion of built-up space and encroachments. Forest areas showed an 
increase in vegetation and decrease in fragmentation due to afforestation efforts.  
The findings of the study have planning implications. Knowledge of vegetation 
distribution and change will help planners to take corrective actions and make 
effective interventions for greening those areas, thus contributing to sustainable urban 
land use planning for Delhi. This will ensure establishment of well-connected green 
network rendering maximum ecosystem functioning and biodiversity support. 
In a metropolis like Delhi, unplanned and haphazard city expansion from the city core 
outwards, forces citizens to live in congested built environments. In such conditions, 
patches of green space in the form of urban parks play a critical role in maintaining 
ecological, environmental, economic and social wellbeing. Urban parks provide 
multifarious benefits to the urban dwellers like, nature education, social bonding and 
cohesion, reduction of stress, enhancement of health and longevity, habitat for 
wildlife (Bolund and Hunhammar 1999; Arnberger 2006; Bennett et al., 2009) and 
have potentiality of enhancing urban biodiversity (Goddard et al., 2010). These are 
the natural places, close to where people live and work (Chiesura 2004). Thus, it is 
very important to understand the peoples’ expectations and attitudes towards urban 
parks, so that they can be planned well for the benefit of urban communities. Hence, 
chapter 4 of the thesis, “Factors influencing perceptions and use of urban nature: 
Surveys of park visitors in Delhi,” aims at understanding people’s perception, 
preferences and accessibility of urban nature. Towards this, this study had several 
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objectives, i.e. to (i) Analyze the main uses of urban parks by different population 
groups (ii) Assess the recreational importance of green spaces (iii) Evaluate 
differences in the perception of different population groups of the quality of nature 
and (iv) Analyze the accessibility of greenspace and the relationship between distance 
to the green space and frequency of use. 
A total of 123 randomly selected park visitors were interviewed in four selected parks 
in New Delhi district of National Capital Territory of Delhi. Four selected parks are 
managed by four different authorities. They are Buddha Jayanti Smarak Park, Lodhi 
Garden, Bhuli Bhatiyari Park and Safdarjung’s Tomb maintained by Central Public 
Works Department, New Delhi Municipal Council, Delhi Development Authority and 
Archeological Survey of India respectively. These parks are of varying size from 
Safdarjung’s Tomb being 32 acres to Buddha Jayanti Smarak Park being 100 acres. A 
questionnaire consisting of 21 open and closed questions assessed visitors’ views on 
park accessibility, quality of the park, uses of green space, satisfaction of recreational 
needs and environmental awareness. The responses were collated, relation between 
the variables were analyzed using ANOVA and T-tests and interpreted.  
Park visitors have a largely pro-environmental attitude, expressed by the “need for 
more green spaces/parks” by almost all the visitors, while a majority of the 
respondents stated that they ‘took part in protecting nature’. Young adult visitors 
indicated that environmental education in schools played a role in shaping their pro-
environmental attitude. However, visitors had poor biodiversity knowledge. One out 
of three visitors could name a single plant species, while one out of four visitors was 
not able to name a single common animal or insect that they had observed in the park. 
The urban built environment provides limited scope of interaction with nature and 
learning opportunities. Thus this leads to detachment and insensitivity to the natural 
surroundings, resulting in a poor understanding of biodiversity. Respondents valued 
parks primarily for environmental, psychological and health benefits. Such 
appreciations can be traced to the increased level of pollution and stress experienced 
by residents of Delhi. The majority of visitors were not in favor of entry fees to the 
parks. In general, visitors were happy with the quality of parks, but expressed a 
preference for increased safety and better maintenance. Distance was not a restricting 
factor and many visitors travelled long distances to visit the city’s iconic parks such as 
Lodhi Garden. This study brings out the details of park visitors’ opinions, preferences, 
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knowledge and attitude towards urban nature. This will help planners and managers of 
urban nature to meet to public expectations in a much better and effective way.  
Chapter 5 of the thesis, “Communication networks and performance of four New 
Delhi city parks,” aims at understanding the governance structure and functioning of 
park management, and its relation to park performance as assessed by visitors. 
Towards this, social communication networks were created for the four New Delhi 
parks studied in Chapter 4, and their structure quantified via Social Network Analysis. 
The relationship between park performances attributes and network properties have 
been explored.  
Permanent gardeners, temporary workers (in some instances) and security guards 
work together for the upkeep and maintenance of these parks.  Face to face interviews 
with park staff were used to build a social communication network for the park. Data 
from the interviews with 123 park visitors used in Chapter 4 was collated to 
summarize visitor satisfaction and knowledge about each park. The interviews and 
park management communication data was analyzed to generate social network 
structures for the four parks. The relationship between network topological indices 
and park performance indicators was examined. Three network indices were used in 
the study, i.e. center of gravity (CG), MaxS and compactness. CG assesses how “tall” 
or “flat” is the hierarchy of park communication and determines the distance between 
the source level and the middle of the network. MaxS assesses how important 
(influential) is the most important person in the network. Compactness quantifies how 
close the nodes of the network are to each other and how tightly linked is the network. 
The park performance indicators used on the study are i) Average satisfaction of the 
park keepers; ii) Average problems faced by the park keepers; iii) Average expected 
improvements by the park visitors and iv) Average number of species identified by the 
park visitors.   
The results of the study show a clear connection between the structure of social 
networks and performance of the parks. Three strategic findings have emerged from 
this analysis. Firstly, networks having lower CG render greater satisfaction to the park 
keepers, owing to better communication between the highest and the lowest levels of 
the network. Low CG also makes the organization more participatory, wherein needs 
of people are heard and fulfilled, which in turn raises the expectation of visitors, from 
ix 
 
the park. Secondly, parks having stronger leadership as indicated by high MaxS, 
raises the expectations of workers for further development of the parks. A strong 
leader ensures the presence of effective control, involvement and also a certain level 
of dynamism in the management of the park. Thirdly, greater closeness of nodes in the 
network as indicated by high compactness is indicative of better collaboration 
amongst the workers which leads to lesser perceived problems. Having a sound 
interactive relationship between workers and their levels of control ensures that the 
participation in the park upkeep is more comprehensive and in turn increases quality, 
better management and expectations. The ideal combination of these three would help 
achievement of well managed parks, capable of providing satisfying park experiences 
for the urban communities.  
The study contributes towards planning and management of the parks for their 
effective upkeep. Towards this, Social Network Analysis can be used as a strategic 
consultancy tool for designing better-functioning parks capable of providing 
satisfying urban nature experience. 
Finally in chapter 6, “Summary and Conclusions” synthesizes the empirical findings 
of this study and brings forth the strengths, relevance of the findings and directions 
for future research from a theoretical and practical perspective. 
These four studies together contribute towards understanding of changes in the spatial 
pattern of urban vegetation cover over time. It also helps to understand the causal 
forces driving the green space pattern variation within different parts of the city and 
implications for urban sustainable planning. The thesis integrates studies of satellite 
remote sensing and GIS technologies and in-depth interviews of key actors and 
statistical methods. This provides an interdisciplinary understanding of the impact of 
urbanization on green space distribution, accessibility and ecosystem change in Delhi. 
Findings of the thesis add to the strong database of spatio-temporal knowledge for 
monitoring changes in vegetation cover and fragmentation in urban areas in the Indian 
context and its association with socioeconomic, institutional drivers. The study 
addresses issues like, where have the changes in vegetation cover occurred, what are 
the drivers of such changes, what people expect from urban parks and how effectively 
the needs and expectations of the people can be fulfilled. Incorporation of all findings 
in the planning and designing of urban nature will ensure achieving the informational 
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and integrated management of cities. This will ensure healthier green infrastructure 
rendering important ecosystem services and adding to the health and wellbeing of 
urban residents.  
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Chapter 1 
Introduction 
The world is experiencing a global urban shift. Urban population has been growing at 
a staggering rate over the last 6 decades. From 746 million people in cities in 1950, 
3.9 billion people lived in cities in 2014, which is more than half of the world’s 
population. The world’s urban inhabitants are anticipated to transcend six billion by 
2045. Much of the anticipated urban population surge will happen in the developing 
countries of Asia and Africa, and at a much faster rate than previously (United 
Nations 2014). Asian cities are projected to account for over half of the anticipated 
global increase in urban cover in the coming two decades, with green spaces 
particularly at risk (Seto et al., 2012). India is projected to account for the greatest 
fraction of this change, with Indian cities anticipated to add over 400 million people 
by 2050 (United Nations 2014).  
Much of this urban growth leads to increase in built-up area to accommodate 
increasing population. The rate of urban land expansion is often higher than the rate 
of urban population growth (Seto et al., 2011). The pathways of urban development in 
developing countries are often rapid, haphazard, unplanned and sometimes informal. 
Much of the unplanned urban growth leads to irreversible human impacts on global 
environment through loss of farmland, fragmented habitats and decline in biodiversity 
with subsequent loss of ecosystem services (Alig et al., 2004). Large-scale 
modifications of urban nature have induced serious environmental issues threatening 
sustainable development, both within the urban boundary and also at considerable 
distances from cities (Colding and Barthel 2013; Seto et al., 2012).  
Green spaces in city environments are in a continuous process of adaptation and 
change. Assessment of the extent, location and patterns of changes in urban green 
cover, assessment of fragmentation of green spaces and identifying the drivers of 
change of green space is essential for understanding future trends and their effective 
management. The changes in urban vegetation are driven by various human (social, 
economic and political) and natural (biophysical) factors, often operating as 
proximate causes and underlying forces. Both sets of factors work congruently to 
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bring about changes in landscape (Geist and Lambin 2002). For instance, policies 
intended towards development of tourism industry have amplified the demand for 
infrastructural facilities resulting in depletion of agricultural land and forested areas 
(Giordano and Boccone 2010). Often, the drivers of urban vegetation change in 
developing countries differ from those in developed countries.  
Recent research in China has demonstrated that urban forms in rapidly growing cities 
of the developing countries is different from that in wealthier countries, and are much 
more fluid, with multiple nuclei emerging during early stages of city development 
(Seto and Fragkias 2005). Yet green spaces in cities of developing countries have 
been relatively less investigated in contrast to studies in Europe and North America 
(Matsouka and Kaplan 2008). In particular, the research on urbanization and green 
spaces that exists in Asia is largely from Southeast Asia, with limited information on 
the densely populated cities of South Asia (Sanchez-Rodriguez et al., 2005). There is 
also a lack of understanding of the causal relationship between urban forest 
fragmentation and the role of anthropogenic forces in Asia (Gong et al., 2013).  
Green space in urban areas comprises largely of small and large neighbourhood parks, 
pocket gardens in residential colonies, green enclaves in public institutional grounds, 
avenue trees, urban forests, cemeteries and vacant lots. Parks and gardens are the 
major publicly usable land safeguarding urban green spaces and they are maintained 
primarily for recreation of urban inhabitants (Schipperijn et al., 2010). For many 
underprivileged urban dwellers in the developing countries, reference of ‘nature’ is 
limited to their urban green space experience (Das et al., 2009, Schipperijn et al., 
2010). Also in large metropolitan areas, these green spaces provide opportunities to 
experience nature, without having to travel long distances to back country areas 
(Schroeder and Daniel 1982). 
Urban parks and gardens play a potential role in enhancing biodiversity (Goddard et 
al., 2010). They provide numerous ecosystem services, ranging from lowering of air, 
water and noise pollution to safeguarding microclimatic variations thereby 
transforming a city into a more pleasant place to live in (Bolund and Hunhammar 
1999, Das et al., 2009). Urban parks also contribute to physical and mental health and 
lowering stress of the busy urban dwellers (Kim et al., 2004; Harpham 1994). Thus 
with the multifarious benefits derived out of urban parks, there is an urgent need to 
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gear up the functioning of these spaces through conservation and appropriate 
management practices (Devy and Swamy 2009). Understanding and consideration of 
public and stakeholder’s perceptions, preferences, knowledge and choices of green 
space can help in effective planning and management of urban nature (Martin-Lopez 
et al., 2007). Age, gender, education level, income, retirement status, residential 
neighbourhood, racial composition, minority status and length of stay tend to 
influence people’s perception of urban parks (Preigo et al., 2008). The amount, 
quality and distance to urban recreation areas and green spaces affect citizens’ uses of 
green space to satisfy their daily recreational need (Tyrv¨ainen and Väänänen 1998; 
Van Herzele and Wiedemann 2003). Safety, aesthetics, amenities, maintenance, 
shade, cleanness and proximity are key factors encouraging park use (Tucker et al., 
2007). Similarly, the success of a park agency is dependent upon the quality of the 
visitor's experiences (Hamilton et al., 1991).  
The study of land use land cover change is an interdisciplinary and hybrid sphere 
(Meyer and Turner 1992). The use of multi-date satellite imageries assists us in 
accurate and extensive monitoring of green cover, providing repetitive coverage at 
high spatial resolution, with easy availability (Kendal et al., 2012; Nagendra et al., 
2012; Jim and Chen 2003). The linking up of Geographical Information Systems 
(GIS) technologies with remote sensing and landscape ecology discourse permits 
amalgamation of spatial land cover patterns and ecological processes, thus enabling 
enhanced understanding of processes of change (Nagendra et al., 2003, 2004).  But 
maps alone cannot explain what causes changes in land use/cover. The changing land 
use/cover is often the outcome of various factors working at the underlying level, like 
market mechanism, economic reforms (Liverman et al., 1998) and proximate causes 
like human actions, which directly alter the physical environment (Meyer and Turner 
1992). Thus, integration of sociological data and observations assists in the 
understanding of the drivers of change at proximate and underlying levels.  
Presence of an informal social relationship among various actors and stakeholders 
plays an important role in natural resource management (Ernstson et al., 2008; 
Sandström and Rova 2009; Prell et al., 2009; Newig et al., 2010; Swamy and Devy 
2014) and governance. Understanding the relation between the actors is facilitated by 
Social Network Analysis (Wasserman and Faust 1994). Further, the focus on 
activities of actors in a particular institutional arrangement involved in management 
4 
 
and governance of natural resources (like urban parks) can provide insights into 
processes of effective management and governance of natural resources (Maguire et 
al., 2004; Bodin and Prell 2011).  
Statement of problem 
Delhi, the capital of India, is the second most populous city of the world after Tokyo. 
It has experienced rapid planned and unplanned expansion at the cost of its greenery 
leading to large-scale impacts on the city’s ecosystem services and biodiversity. Like 
other growing cities of the developing world, Delhi is also facing several 
environmental challenges. Combustion of fossil fuel in transport, energy supply and 
industry results in high levels of air pollution, making Delhi one of the most polluted 
cities in the world (Ahmad et al., 2013). Increasing levels of pollution is detrimentally 
affecting waterbodies and are progressively intruded by cultivators and urban sprawl. 
Cultivated lands are lost to commercial, industrial and residential settlements 
(Srinivasan 2005, Krishen 2006). There has been major land change along the 
Yamuna River floodplain (Mohan et al., 2011). Agricultural and fallow land area has 
also decreased in recent years with its conversion to urban uses, primarily for housing 
and industrial expansion (Kumar 2009). In this process, the city has lost access to a 
number of ecosystem services provided by these open spaces, wetlands and green 
areas, including biodiversity support, nutrient cycling, water recharge, carbon 
sequestration, pollution control and microclimatic regulation (Khera et al., 2009; 
Kumar 2009; Mohan et al., 2009). 
A number of previous studies on Delhi have documented the dynamics of 
urbanization (Mohan et al., 2011; Sharma and Joshi 2013; Jain et al., 2011) and 
impact of rapid expansion of urban built up areas on environmental degradation 
(Rahman et al., 2009), reduced ecosystem functioning (Mohan 2000), air and water 
pollution (Agrawal 2005) and urban heat island effect (Mohan et al., 2009), which are 
driven by losses in green cover. These studies demonstrate the criticality and 
threatened nature of green spaces in Delhi. A large number of parks and gardens, 
which retain a major part of Delhi’s green cover and harbour diverse species of flora 
and fauna, are managed by various Government agencies like Delhi Development 
Authority (DDA), New Delhi Municipal Council (NDMC), Municipal Corporation of 
Delhi, Forest Department, etc. The challenge lies with the park managers for 
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providing attractive and well maintained outdoor recreation facilities to the city 
inhabitants, so that they are able to meet visitor preferences and desires. The presence 
of green spaces contributes in creating environmental awareness of citizens. Thus, a 
consideration of different aspects of visitor perceptions towards urban parks and 
gardens will help understand public motivations to visit parks and gardens. An 
investigation of visitor perceptions for Delhi parks can assist in informed planning 
and better management. However, there is little work on park visitor perception and a 
lack of research aimed at understanding the relation between communication, 
governance structure of the park keepers and performance of parks in Delhi. A 
method called Social Network Analysis has been used in this component of the study. 
The results and conclusions drawn from the analysis of communication and 
governance structure of parks will be helpful for park managers for social impact 
improvement.  
Objectives 
This thesis achieves the overall aim through a series of objectives. They are to: 
• Critically analyze the drivers of change in urban green spaces in developed 
and developing economies of the world in recent decades. 
• Understand the impact of urban development in shaping differences in the 
extent and fragmentation of green spaces in Delhi and also, assess the role of public 
institutions in protecting green spaces.  
• Understand urban park visitors’ perceptions of and expectations from nature in 
selected parks in New Delhi. 
• Analyse the structure of management and communication networks that 
influence the performance of Delhi parks. 
This thesis contains a set of four chapters, with each chapter addressing a specific 
research objective. These four linked studies are aimed at providing an integrated 
understanding of the manner in which urbanization influences the extent, distribution 
and dynamics of green spaces, expectations and perceptions of the public using the 
parks, and management and communication structures of parks in Delhi.  
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Chapter 2 of the thesis, “Review of drivers of change in urban vegetation,” is a 
synthesis of proximate and underlying drivers of change in urban vegetation from 
studies of developed and developing countries of the world. Urban green space is 
undergoing transformation around the world and is evolving persistently in 
conjunction with the ever changing city fabric (Jim and Liu 2001). Urban expansion is 
linked to urban population growth in cities. Often urban densification and expansion 
encroaches on the green space of the city, where little or no attention is paid to the 
conservation of urban greenscapes. Such problems are more pronounced in 
developing countries of the world, which are presently experiencing accelerated 
growth in recent decade. Nevertheless, the situation is not so bleak; there are some 
cities that are experiencing regeneration of urban vegetation in spite of rapid 
population growth. Thus, it is important to understand the factors driving changes in 
extent, location and distribution of green spaces for a better understanding of urban 
sustainability (Paul and Nagendra 2015). This metadata analysis helps in building up 
a knowledge repository on proximate causes, underlying driving forces of urban 
vegetation change and relation between the two in developed and developing 
countries of the world. This also facilitates identifying research gaps in the sphere of 
urban vegetation change and provides the theoretical underpinning for this research.  
Chapter 3 of the thesis, “Vegetation Change and Fragmentation in the Mega City of 
Delhi: Mapping 25 Years of Change,” is a RS and GIS based landscape level study, 
using a methodology developed by study in Bangalore (Nagendra et al., 2012) to 
examine (a) the impact of urban development in shaping differences in the extent and 
fragmentation of green spaces between the city center, intermediate and peripheral 
areas, and (b) the role of public institutions in protecting green cover and limiting 
fragmentation in the National Capital Territory of Delhi. Delhi has been experiencing 
unprecedented population growth, owing to migration along with globalization. To 
house this growing number of people, the city is ever expanding in an uncontrolled 
and unplanned manner (Mohan et al., 2011), impacting the distribution and 
connectivity of urban green spaces. Thus, the knowledge of locations where green 
cover has been enhanced, has shrunk or been obliterated and the factors responsible 
for such changes is important to develop a better understanding of the city.  
Chapter 4 of the thesis, “Factors influencing perceptions and use of urban nature: 
Surveys of park visitors in Delhi,” looks into people’s perceptions of, preferences for 
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and ability to access urban parks in New Delhi. The visitor survey has been carried 
out in four parks in New Delhi District to (i) analyze the main uses of urban parks by 
different population groups, (ii) assess the recreational importance of green spaces, 
(iii) evaluate differences in the perception of different population groups of the quality 
of nature, and (iv) analyze accessibility of green space and the relationship between 
distance to the green space and frequency of its use. With the gradual expansion in 
built-up area, urban parks and reserves provide natural relief within urban 
environments. Urban nature provides recreational, social, ecological, health and 
quality of life benefits to urban dwellers (Thompson 2002). Planning and management 
of urban nature is effective when it considers diversity of knowledge of the public and 
stakeholders, the understanding and consideration of user opinion, preferences and 
their attitudes towards conservation (Martin-Lopez et al., 2007). Thus a study of 
peoples’ perception of, knowledge about, preference for and ability to access green 
space has policy implications for planners and urban designers, as well as for 
environmental organizations. Consideration and integration of peoples’ expectations 
and preferences in designing and planning for urban green spaces would render more 
satisfying urban nature experiences.  
And lastly chapter 5 of the thesis, “Communication networks and performance of four 
New Delhi city parks,” uses Social Network Analysis for (i) measuring the structural 
pattern of interactions amongst park keepers and (ii) understanding the relationships 
between network-independent attributes of park performance and network properties 
of park governance. Park visitors tend to appreciate scenic aspects/visual quality of 
urban green spaces (Wong and Domroes 2005). Hence the parks are to be managed 
well so as to provide urban dwellers with a satisfying experience. For this there is a 
requirement to understand the governance structure and functioning of different park 
managements and relate them to the condition of the park. This will also help in 
strengthening the governance and management of parks, which are capable of 
satisfying the recreational need of urban communities.  
All these studies together will provide a strong database of spatio-temporal and social-
ecological knowledge on the patterns and drivers of changes of green spaces in Delhi, 
the importance of parks in the city for urban visitors and the role of networks in 
governance of parks and in influencing visitor satisfaction with parks. The findings of 
8 
 
this research can provide useful information and offer an improved understanding for 
the planning and design of ‘green’ policies in Delhi.  
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Chapter 2 
Review of drivers of change in urban vegetation 
Introduction 
Majority of the world’s population lives in urban areas. Urbanization is taking place at 
a rapid pace all over the world and is expected to escalate to 2.5 billion by 2050. In 
the coming years, bulk of urban population, almost 90%, is expected to be 
concentrated in Asia and Africa. It is expected to happen at a much faster rate in these 
regions vis-à-vis other regions and experienced in medium sized cities and cities with 
less than 1 million inhabitants. By the year 2050, this increase will result in world 
urban population being concentrated in Asia (approx. 52%) and Africa (21%) (United 
Nations 2014). The developed world has already experienced an urban transition with 
more than 80% of the population residing in the urban areas (UNFPA 2007). In some 
cities of developed economies like Tokyo, population levels are expected to decline, 
while Bratislava and Riga of Europe and Buffalo and Detroit of North America 
experienced population decline since 2000, due to emigration and low birth rates 
(United Nations 2014). 
With increased urbanization globally, large scale landscape change is anticipated, 
driven by the increasing demand for non-agricultural land (Gong et al., 2013) for the 
sustenance and shelter of growing population. Further, urban ecological footprint 
spreads beyond city limits and drives environmental change at local to global scales 
(Grimm 2008). Urban land cover and landscape change in developing countries is 
often driven by rapid, unplanned growth including of informal settlements, impinging 
on urban green spaces. In contrast, urban regeneration in some developed cities work 
towards creating an environment for enhancing greenery as means for environmental 
and economic revival (Hughes 1991; Jim 2004) backed by national policies and 
renders the city a powerful positive image (Porter and Shaw 2013). 
Urban green spaces comprise of contiguous vegetated areas such as parks, forest 
strands and avenue trees. Green areas provide recreation, aesthetic and health benefits 
to urban communities (Maas et al., 2006; Chiesura 2004). Urban green space is 
10 
 
becoming an important part of urban renewal (Swanwick et al., 2003), crucial in the 
maintenance of ecological balance of the city and harbours biodiversity in the fragile 
urban ecosystem (Tzoulas et al., 2007; Sandström et al., 2006; Davies et al., 2011). It 
is important to understand the factors driving changes in extent, location and 
distribution of green spaces in order for a better understanding of urban sustainability 
(Paul and Nagendra 2015). 
It is essential to separate and study the proximate causes and underlying drivers that 
result in changes to vegetation cover. Proximate causes include immediate factors: 
human activities or immediate actions at local level: such as road expansion or 
increase in built-up area. These tend to stem from proposed land use and directly 
impact urban vegetation cover. Underlying drivers include aspects such as human 
population dynamics or industrialization and housing policies that reinforce the 
proximate causes. Thus, a better understanding of proximate causes and underlying 
drivers of changes in urban vegetation, and the relationship between the two can 
facilitate future urban planning and design, which will lead to enhancement of 
environmental and societal benefits derived out of urban green cover. 
The study therefore aims at identifying and analyzing the occurrence of proximate and 
underlying driving forces of urban green space changes in developed and developing 
economies of the world in recent decades. 
General approach 
This paper attempts to identify and understand the drivers of green spaces in urban 
areas. Various socio-economic, demographic and political factors are known to 
directly or indirectly effect distribution of green spaces in a city. The present study 
adopted the schema of proximate causes and underlying driving forces as established 
by Geist and Lambin in their overarching seminal study of land change globally 
(2002). As Geist and Lambin (2002) puts it, single factor causation is mostly 
unsatisfactory and most of the times, multiple factors are at play simultaneously. 
Thus, we analysed interplay of different driving factors as well. 
We selected papers which quantified rates of urban vegetation-cover change, i.e. net 
increase or loss of vegetation cover in cities. We also examined papers discussing 
drivers of urban vegetation change based on quantitative data or in-depth ground 
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observations, which described trends of change in vegetation cover. Factors clearly 
identified as potential causes of vegetation change have been considered. Thus, our 
analysis of the case studies tries to identify factors that lead to increase/decrease of 
urban green spaces in different regions around the globe. In this study, the term ‘urban 
green spaces’ is used in a broad connotation, encompassing all urban gardens/parks, 
forests and associated vegetation that enhance value and quality of life of urban  
inhabitants. 
We focused on peer-reviewed publications (including journal articles, book chapters 
and conference proceedings) that were published in international scientific journals 
between 2000 and 2014 (Table 2.1). Only scientific articles published in English were 
considered for the study. The study does not include grey literature, reports, articles 
and documents published as national reports. 
Search terms like ‘drivers of urban vegetation’ and ‘urban land use land cover 
change’ were entered to search for articles in ‘Google Scholar’, a widely used 
scientific search engine. We further conducted regional searches adding key words for 
each continent along with the search terms mentioned, in order to get a good spatial 
representation of studies on urban vegetation changes across the globe. We focused 
on the time period between 2000 and 2014, restricting our search when we had good 
regional coverage to ensure that articles from all continents are reasonably 
represented in the study. After an initial search, we retained only case studies from 
cities which either quantified the rates of urban vegetation-cover change or identified 
drivers of urban vegetation change based on quantitative data. 
Table 2.1: List of papers used in the metadata analysis, arranged by date of 
publication. 
Year Title Author 
2000 Urban forest cover of the Chicago region and its relation to 
household density and income. 
Iverson and 
Cook. 
2000 Dynamics of urban growth in the Washington DC 
metropolitan area, 1973-1996, from Landsat observations. 
Masek et al., 
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2000 Urban expansion and loss of agricultural land-a GIS based 
study of Saharanpur City, India. 
Fazal.  
2000 A study of Bangalore urban forest. Sudha and 
Ravindranath 
 
2001 Woody vegetation and canopy fragmentation along a forest-
to-urban gradient. 
Porter  et al., 
2001 Patterns and dynamics of urban forests in relation to land use 
and development history in Guangzhou City, China. 
Jim and Liu. 
2001 Predicting land-cover and land-use change in the urban 
fringe: a case in Morelia city, Mexico. 
López et al., 
2001 A remote sensing? GIS evaluation of urban expansion and its 
impact on surface temperature in the Zhujiang Delta, China. 
Weng. 
2002 The use of remote sensing and landscape metrics to describe 
structures and changes in urban land uses. 
Herold et al., 
2002 Drivers of land-use/land-cover changes and dynamic 
modeling for the Atlanta, Georgia metropolitan area. 
Lo and Yang 
2002 Using remote sensing data in urban sprawl and green space 
analyses. 
McMahan 
and Weber 
2002 Fire and restoration of the largest urban forest of the world in 
Rio de Janeiro City, Brazil. 
Matos et al., 
2003 Canberra's urban forest: Evolution and planning for future 
landscapes. 
Banks and 
Brack. 
2003 Urbanization pressure and modeling of urban growth: 
Example of the Tunis Metropolitan Area. 
Weber and 
Puissant. 
2004 Evolving core-periphery interactions in a rapidly expanding 
urban landscape: The case of Beijing. 
Qi et al., 
2004 Urban land-cover change analysis in central Puget Sound. Alberti et al., 
2004 Evaluation of urban green spaces in Bratislava. Rehácková 
and 
Pauditsova. 
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2004 Remote sensing and GIS for urban green space analysis–a 
case study of Jaipur city, Rajasthan. 
Ruangrit and 
Sokhi. 
2004 Monitoring of urban growth of a desert city through remote 
sensing: Al-Ain, UAE, between 1976 and 2000. 
Yagoub. 
2005 History and local management of a biodiversity-rich, urban 
cultural landscape. 
Barthel  et 
al., 
2005 Modeling the environmental impacts of urban land use and 
land cover change—a study in Merseyside, UK. 
Pauleit et al., 
2005 Multi-temporal analysis of land cover changes in Nagasaki 
city associated with natural disasters using satellite remote 
sensing. 
Shaikh et al., 
2005 Land cover classification and change analysis of the Twin 
Cities (Minnesota) Metropolitan Area by multitemporal 
Landsat remote sensing. 
Yuan et al., 
2005 Spatial gradient analysis of urban green spaces combined 
with landscape metrics in Jinan city of China. 
Kong et al., 
2006 Restoration of the urban forests of Tokyo and Hiroshima 
following World War II. 
Cheng and 
McBride. 
2006 Socioeconomic-vegetation relationships in urban, residential 
land. 
Mennis.  
2006 The socioeconomics and management of Santiago de Chile's 
public urban forests. 
Escobedo et 
al., 
2006 Spatial-temporal gradient analysis of urban green spaces in 
Jinan, China. 
Kong and 
Nakagoshi. 
2006 Urban land use change analysis of a traditional city from 
remote sensing data: The case of Ibadan metropolitan area, 
Nigeria. 
Oluseyi.  
2008 Urban sprawl in the Mediterranean?: Patterns of growth and 
change in the Barcelona Metropolitan Region 1993–2000. 
Catalán et al., 
14 
 
2008 Metropolitanization and forest recovery in southern Brazil: A 
multiscale analysis of the Florianópolis city-region, Santa 
Catarina State, 1970 to 2005. 
Baptista. 
2008 Urbanization and biodiversity loss-Where is Hyderabad 
heading? 
Srinivasulu. 
2008 Evaluating landscape changing due to urbanization using 
remote sensing data: A case study of Shijiazhuang, China. 
Shi and Xiao. 
2009 Energy, population and the urban canopy: An Integrated 
GIScience approach towards modeling human-environmental 
interactions. 
Jensen and 
Gatrell. 
2009 Using remote sensing and GIS to detect and monitor land use 
and land cover change in Dhaka Metropolitan of Bangladesh 
during 1960–2005. 
Dewan and 
Yamaguchi. 
2009 Assessment of economic drivers of land use change in urban 
ecosystems of Delhi, India. 
Kumar. 
2009 Analysis of land surface temperature and land use/land cover 
types using remote sensing imagery-a case in Chennai city, 
India. 
Lilly Rose 
and Devadas. 
2009 Application of remote sensing and geographic information 
system to study land use/land cover changes: A case study of 
Pune Metropolis.  
Desai et al., 
2010 Forest fragmentation, urbanization and landscape structure 
analysis in an area prone to desertification in Sardinia (Italy). 
Giordano and 
Boccone. 
2010 Urban vegetation and the drivers for change: A case study of 
Runcorn, UK. 
Wallbank and 
James. 
2010 Spatio-temporal analyses of land use-land cover changes in 
Delhi using remote sensing and GIS techniques. 
Mukhopadhy
ay et al., 
2011 Community groups and urban forestry activity: Drivers of 
uneven canopy cover? 
Conway et 
al., 
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2011 A landscape analysis of land cover change in the 
Municipality of Rome (Italy): Spatio-temporal characteristics 
and ecological implications of land cover transitions from 
1954 to 2001. 
Frondoni et 
al., 
2011 Carbon consequences of land cover change and expansion of 
urban lands: A case study in the Seattle metropolitan region. 
Hutyra et al., 
2011 Applications of remote sensing (RS) and geographical 
information system (GIS) for urban land use change study in 
Ulaanbaatar City, Mongolia. 
Amarsaikhan 
et al., 
2011 A framework of indicators to support urban green area 
planning: A Brazilian case study. 
Gomes and 
Moretto 
2011 Dynamics of urbanization and its impact on land-use/land-
cover: A case study of megacity Delhi. 
Mohan et al. 
2011 Monitoring land use/cover change and its effects in a highly 
urbanized district of a metropolitan city Istanbul, Turkey. 
Sanli. 
2011 Spatial–temporal dynamics of urban green space in response 
to rapid urbanization and greening policies. 
Zhou and 
Wang. 
2012 A study of changing urban landscape and heat island 
phenomenon in Guwahati metropolitan area.  
Borthakur 
and Nath. 
2012 Spatial distribution of vegetation in Montreal: An uneven 
distribution or environmental inequity? 
Apparicio  et 
al. 
2012 Drivers of diversity and tree cover in gardens, parks and 
streetscapes in an Australian city. 
Kendal et al., 
2012 The impacts of Atlanta’s urban sprawl on forest cover and 
fragmentation. 
Miller. 
2012 Assessment of land use/cover change and urban expansion of 
the central part of Jordan using remote sensing and GIS. 
Alsaaideh et 
al., 
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2012 Patterns and its disaster shelter of urban green space: 
Empirical evidence from Jiaozuo city, China. 
Fan  et al., 
2012 Analyzing landscape change and urban sprawl in a 
Mediterranean coastal landscape: A case study from Izmir, 
Turkey. 
Hepcan et al., 
2012 Spatio-temporal patterns of intra-urban land use change in 
Beijing, China between 1984 and 2008. 
Kuang. 
2012 Graying, greening and fragmentation in the rapidly 
expanding Indian city of Bangalore. 
Nagendra et 
al., 
2012 Green spaces trends in the city of Port Elizabeth from 1990 
to 2000 using Remote Sensing. 
Odindi and 
Mhangara. 
2012 Land transformation analysis using remote sensing and GIS 
techniques (a case study). 
Amin and 
Fazal. 
2012 Remote sensing land-cover change in Port Elizabeth during 
South Africa's democratic transition. 
Odindi et al., 
2012 Urban trees in a culturally evolved Himalayan town-
vegetation and landscape dynamics. 
Sharma et al., 
2012 Impact of urbanization of Addis Abeba city on peri-urban 
environment and livelihoods 
Kasa et al., 
2013 The effects of land tenure and land use on the urban forest 
structure and composition of Melbourne. 
Dobbs et al., 
2013 Evaluation of Khorramabad’s physical changes and its green 
space using remote sensing data. 
Beiranvand  
et al., 
2013 Determining socioeconomic drivers of urban forest 
fragmentation with historical remote sensing images. 
Gong et al., 
2013 Identification and monitoring the change of land use pattern 
using remote sensing and GIS: A case study of Dhaka City. 
Mamun et 
al., 
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2013 Evaluation of land use/land cover changes in Mekelle City, 
Ethiopia using remote sensing and GIS. 
Tahir et al., 
2014 A mixed-methods analysis of social-ecological feedbacks 
between urbanization and forest persistence. 
Ben Dor et 
al., 
2014 Destruction of urban green spaces: A problem beyond 
urbanization in Kumasi city (Ghana). 
Mensah. 
2014 Destruction and Replanting of the Urban Forest of Sarajevo, 
Bosnia and Herzegovina. 
Lacan and 
McBride. 
 
Figure 2.1: Distribution of case studies around the world. 
Data Analysis 
Distribution, methods, publications and target groups 
We reviewed 66 case studies from 71 papers published in 43 peer-reviewed 
international scientific journals covered by the citation index of Institute for Scientific 
Information. Most of the studies are conducted in one city or one site. Only a few 
exceptions were found, including studies by Mc Mahan and Weber (2002) and Cheng 
and McBride (2006), which studies more than one city. 
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Case studies across the globe were grouped into two categories, developed economic 
countries and developing economic countries, following the categorization by World 
Economic Situation and Prospects (UN/DESA 2014). We had one case study from a 
transitional economic country (Bosnia and Herzegovina) for convenience of analysis 
this has been grouped with case studies from developing economic countries (Figure 
2.1). We find that majority of the case studies of developed economic countries (28) 
are from North America (15), followed by Europe (7). Majority of case studies from 
developing economic countries (38) are from Asia (26) and Africa (7). 
Even though conscious effort was made to represent cases from all the continents, but 
a general bias is observed. Case studies from the northern hemisphere are more 
represented than the southern hemisphere. More numbers of studies are from US, 
China and India. Majority of the studies from India and China have addressed the 
dynamics of urbanization and spatial pattern of urban land use change. Thus this 
metadata analysis, call for improved understanding of the drivers of urban vegetation 
change and fragmentation especially in India. 
In spite of the increasing number of studies and conscious effort to represent case 
studies from all continents, there are few works from Africa, Latin America, South 
East Asia or Russia. It is because access to the literature is constrained by review of 
publications in English only. 
Table 2.2: List of journals and proportion of reviewed studies. 
Journals Publications    (%) 
Landscape and Urban Planning 18% 
Urban Forestry and Urban Greening 7% 
Photogrammetric Engineering and Remote Sensing 4% 
Urban Ecosystems 4% 
International Journal of Remote Sensing 3% 
 
About 36% of the studies were published in 5 journals, majority being in the 
‘Landscape and Urban Planning’ journal (Table 2.2). Majority (15) of papers from 
developed countries were published between 2000 and 2007, while in developing 
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countries, majority of papers (30) were published between 2008 and 2014 (Figure 
2.2). Due to lack of relevant case studies from the year 2007, the review did not have 
any case study from the year 2007. 
 
Figure 2.2: Number of published studies per year (2000–2014) with case studies 
from developed and developing economic countries. 
The studies used a variety of methods to assess the land use and land cover change 
and its drivers (Figure 2.3). About 79% of all studies used Remote Sensing (RS) and 
Geographical Information System (GIS) techniques. Developing countries are 
extensively adopting the low cost GIS and underlying spatial data infrastructures 
(SDI) and know-hows to find a solution to various emergent issues and problems 
arising out of urbanization (Bishop et al., 2000). Most of the studies used satellite 
images of different time periods to access changes in urban landscape as in Minnesota 
and Bangalore (Yuan et al., 2005; Nagendra et al., 2012). Some of the studies like 
Washington DC (Masek et al., 2010) used Normalized Vegetation Index (NDVI) to 
measure rates of urban growth, while in Denver (Mennis 2006) NDVI was used to 
extract vegetation intensity. Few studies (Jim and Liu 2001) also used aerial 
photographs to delineate urban forests. About 16% of the papers studied 
fragmentation of landscape and used landscape metrics to analyze fragmentation. 
Miller (2012) evaluated the fragmentation of Atlanta’s green space by evaluating the 
number of green space patches and their sizes; on the contrary in many studies as in  
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Shijiazhuang (Shi and Xiao 2008) and Jinan (Kong et al.,2005) landscape metrics 
have been computed using FRAGSTATS. 
Various models to quantify and predict land use changes have been applied by 11% of 
the studies. Quantitative statistical analysis such as regression or cluster analyses have 
also been carried out in 21% of case studies. The correlation coefficients and other 
nonparametric statistical analysis assisted in discovering interrelationships between 
the variables that drive urban vegetation change in Atlanta (Lo and Yang 2002). 
Qualitative studies include interviews of focus groups (8%) and the use of reports and 
archival data (14%). Remote sensing data have been linked to field observations 
(Mekelle City, Ethiopia), the socio economic data from secondary sources (Mennis 
2006) and telephonic interviews (Conway et al., 2011), mailed questionnaire survey 
(Ben Dor et al., 2014) to identify landscape effect of socio economic process (Fox et 
al., 2003). Most of the studies of developed countries address variation in the urban 
vegetation in relation to socio-economic, demographic variables (education, minority 
status, house hold income, house hold density) and land tenure, while most the studies 
from the developing countries relied on satellite imageries to look into the temporal 
changes in land use and land cover. The statistical information derived from the 
change data have been interpreted in the light of population growth, urban planning 
impacts and government policies. 
 
Figure 2.3: Frequency distribution of methods used in the case studies of the 
developed and developing economic countries. 
19 
10 9 6 4 4 2 
37 
15 
6 
6 
6 4 
4 
0
10
20
30
40
50
60
 R S & GIS Survey Statistical
analysis
landscape
metrics
Reports &
archival
data
Modelling Interviews
N
u
m
b
e
r 
o
f 
 p
ap
e
rs
 
Methodology 
Developing
Developed
21 
 
Majority (45) of the articles address policy makers and planners, while smaller 
number (22) of studies addressed Government and local authorities, administrators, 
managers and decision makers. Planners’ involvement through recognition of 
interrelationship amongst land use directive and environmental and societal issues is 
vital to the attainment of sustainable development of cities. Planning offices tend to 
play pivotal role in implementation of policies and practices. Hindrances to such 
adaptations are less related to politics and organizational capacity but more to impetus 
and information (Jepson 2004).  
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Table 2.3: Proximate causes and underlying drivers of increase in urban vegetation. 
Drivers of increase in ‘Urban green spaces’ 
Developed 
countries 
Developing 
countries   
Proximate 
causes 
 
 
 
Infrastructure 
extension 
 
Settlements 
(housing density) 
2 0 2 
4 
Public service 
(street type) 
1 1 2 
Green space 
expansion 
 
Reduction/abandon
ment of/in 
agricultural activity 
1 1 2 
11 
Planting of trees 4 5 9 
Underlying 
causes 
 
 
 
 
 
 
 
 
 
 
 
 
Social factors 
 
 
Education 2 0 2 
10 
Race/minority 2 0 2 
Economic 
status/income of 
the residents 
4 2 6 
Economic 
factors 
 
 
Investment 0 2 2 
6 
Funding/incentives 
for trees 
0 1 1 
Home value 2 1 3 
Policy and 
Institutional 
factors 
 
 
 
Formal policies 7 17 24 
52 
Urban 
reconstruction and 
newly developed 
areas 
2 2 4 
Policy climate 6 7 13 
Property rights 6 5 11 
Cultural 
factors 
 
 
Public attitudes, 
values and beliefs 
3 5 8 
15 Tourism and 
recreation 
1 3 4 
Colonial legacy 0 3 3 
Other 
factors 
Biophysical 
factors 
Topology/altitude 2 1 3 3 
Increase in vegetation 
A total of 6 studies reported only increase in urban green space with a majority of 
them are from developing economies. 26 case studies reported both increase as well 
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as decrease in urban vegetation, either simultaneously or at different phases of the 
study have also been included in the analysis. 
Proximate causes 
At proximate level, two broad categories result of the increase in urban green space. 
These are infrastructural extension and green space expansion (Table 2.3; Table 2.5). 
Increased housing density and street type in developed countries tends to act as a 
positive influence on urban green spaces due to presence of green lawns and trees in 
housing areas and along streets in developed countries. It has been observed in the 
study by Dobbs et al. (2013) in Melbourne that minor streets have maximum canopy 
cover. In Terra Haute (Jensen and Gatrell 2009) more tree cover is associated with 
percent owner occupied dwelling because home owners tend to plant more trees or 
care more for existing trees. Reduction or abandonment of agricultural practices in 
urban centers, as in Rome (Frondoni et al., 2011) and expansion of green space in the 
city due to planting of trees in parks, roadsides and mountainous areas are important 
proximate causes in both developed and developing countries. There have been urban 
plantings in parks and gardens of Canberra (Banks and Brack 2003) following a 
garden city theme. 
Underlying driving forces 
The increase in urban green spaces is driven by synergistic operation of multiple 
socio, economic, cultural, policy and institutional drivers at the underlying level. 
Policy and institutional factors are seen as by far the most important, and associated 
with almost all the case studies. These include urban greening and reforestation 
policy, land use policy, urbanization, urban reconstruction policy and industrialization 
policy. Formal policies are seen as the leading cause for changes in green spaces 
across all economies. It has been observed that in developing countries, formal 
policies intended towards the greening of urban areas and urban reconstruction 
policies resulted in considerable increase of urban green spaces. In cities of developed 
counties, like in Tokyo (Cheng and McBride 2006), city greenery plan was 
undertaken to plant trees in avenues and parks. Conducive policy climate is essential 
for effective implementation of the policies. Implementation of policies by the 
government and civic groups, along with enactment and implementation of pro-
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environmental laws lead to increase in vegetation cover in developed countries, 
followed by developing economies. Successful implementation of plans and 
regulations pertaining to roadside planting was instrumental in increasing green cover 
in Guangzhou (Jim and Liu 2001). Studies from both developed and developing 
economies report that property rights like land tenure and ownership are important 
drivers of urban vegetation. In Melbourne (Dobbs et al., 2013) land tenure is an 
important driver.  Creation of parks and reserves and public institutions tend to 
preserve and enhance urban green space. In Florianopolis (Baptista 2008) and Rome 
(Frondoni et al., 2011) creation of parks and reserves by the State steered substantial 
forest regeneration, where as in Bangalore (Sudha and Ravindranath 2000; Nagendra 
et al., 2012) public institutions harbour large number of trees. 
Cultural factors are the second most frequently reported factors driving positive 
changes in urban green spaces. Among cultural factors, public attitudes, awareness 
and residents’ efforts to plant trees are important for greening of cityscape. On the 
other hand, attitude of the people towards trees is of considerable importance across 
all economies. In Toronto (Conway et al., 2011), business community groups are 
engaged in urban forestry related activity to portray ‘green image’ to attract 
consumers. Post war, Hiroshima (Cheng and McBride 2006) could successfully 
restore urban greenery, due to public participation and community involvement in 
restoration activity. Household behavior, like the preference to stay close to nature 
tends to make cities greener. It is also seen that golf courses and other recreational 
land uses also lead to increase as well as stabilize green spaces within cities in 
developing countries. In Oxford, Ohio (Porter et al., 2001) human landscaping 
practice led to more number of trees in recreational areas. Past practices of planting 
trees as initiated by colonial rulers or communities led to increase in vegetation cover 
in urban areas of developing countries. In Al-Ain (Yagoub 2004) farmers tend to 
conserve palm trees of the oasis, which survived hundreds of years. The oasis 
symbolizes special heritage to land owners. While Bangalore’s (Nagendra et al., 
2012) colonial past as a former British military set up is responsible for vast stretch of 
green spaces being owned by the military and defence establishments. Amongst the 
social factors, economic status and income of residents tend to drive vegetation cover 
positively in cities of developed and developing countries. Presence of ethno-cultural 
minority groups and educational status of residents are the other two important social 
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drivers in the developed countries. In Montreal (Apparicio et al., 2012), certain ethno-
cultural minorities tend to have greener private yards because of their cultural back 
ground or inherited legacies from past residents. Kendel et al., (2012), observed in 
Ballarat (Australia) that areas with residents having higher education level had higher 
tree cover in public landscapes. 
Economic factors indirectly drive urban green space through increased investment in 
urban greenery as in developing countries seen through increased budget allocation 
for urban trees. In the oasis of Al-Ain, UAE (Yagoub 2004), cash incentives are given 
to everybody who grows a palm tree. In Sarajevo (Lacan and McBride 2014), funds 
for tree planting were provided by Global Releaf program of American Forests. 
Special economic variables like land market operation is responsible for rich people 
protecting their land from infringement by planting trees, whereas owners wait for 
escalations in land values in Saharanpur (Fazal 2000). 
Other Factors 
Predisposing environmental and biotic factors like topography and plant succession 
tend to increase vegetation cover in urban areas in the developing world. In Shenzhen 
(Gong et al., 2013) old-field secondary succession and reforestation efforts restored 
the urban forest to certain extent. Higher elevation areas in cities like Beijing (Qi et 
al., 2004) and Rome (Frondoni et al., 2011) tend to retain vegetation cover. It has 
been observed that in Denver (Mennis 2006) neighborhoods having steep slopes are 
associated with high vegetation intensity.  
 
 
 
 
 
 
 
26 
 
Table 2.4: Proximate causes and underlying drivers of decrease in urban vegetation. 
Drivers of decrease in ‘Urban green spaces’ 
Developed 
countries 
Developing 
countries   
Proximate 
causes 
 
 
 
 
Infrastructure 
extension 
 
Transport 4 7 11 
59 
Settlements/ 
clearing of trees 
for settlement 
expansion 
18 30 48 
Green space 
encroachment 
 
 
Fuel wood 0 3 3 
10 
Deforestation/ 
cemeteries 
2 3 5 
Fire 0 2 2 
Underlying 
causes 
 
 
 
 
 
 
 
 
 
 
 
Social and 
demographic 
factors 
 
 
Race/minority 
groups 
1 0 1 
23 
Population 6 9 15 
Immigration 1 6 7 
Economic 
factors 
 
Economic  
development and 
reform 
1 1 2 
15 
Investment in real 
estate and industry 
0 4 4 
Home/land value 1 3 4 
Employment/ 
economic status 
4 1 5 
Policy and 
institutional 
factors 
 
 
Formal policies 0 1 1 
11 
Policy climate 1 6 7 
Property rights 2 1 3 
Cultural 
factors 
 
Public attitudes, 
values and beliefs 
0 2 2 
3 
Tourism and 
recreation 
1 0 1 
Other 
factors 
 
 
 
Biophysical 
factors 
 
 
Drought, climate 
change 
1 0 1 
3 
Topology/altitude 1 0 1 
Invasive species 0 1 1 
Social trigger 
events 
Warfare 2 1 3 3 
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Decrease in vegetation 
A total of 34 studies reported only decrease in urban green space. Developing 
countries reported larger (20) number of cases experiencing decline in vegetation 
cover than developed countries. Case studies which reported both increase as well as 
decrease in urban vegetation, either simultaneously or at different phases of the study 
were also considered for analysis. 
Proximate drivers 
Infrastructural expansion is the most important immediate cause preceding the drop in 
vegetation cover in the urban scenario in countries of both developed and developing 
economies (Table 2.4; Table 2.5). Infrastructural expansion includes expansion of 
transport network and urban settlements, leading to clearing of trees for settlement 
expansion. Emergence of new townships in Nagasaki (Shaikh et al., 2005) and 
expanding urban area in Izmir, Turkey (Hepcan et al., 2012) led to alteration of land 
use and eventually intruding into urban vegetal cover. The increase in built-up area, 
specially, unplanned and informal settlements in cities of developing countries tend to 
encroach upon green spaces. It has been observed that expansion of unplanned 
settlement in Dhaka (Mamun et al., 2013) and informal settlements in Tunis (Weber 
and Puissant 2003) extended primarily on agricultural land and then on vegetated 
areas. Transport developmental activities like road widening and proximity to roads 
impinges on urban green spaces both in developed and developing countries. In 
Atlanta, Lo and Yang (2002) observed that vegetation cover is negatively related to 
proximity to roads. Road widening resulted in cutting down of avenue trees in 
Hyderabad (Srinivasulu 2008) and Bangalore (Nagendra et al., 2012). 
Even though other forms of green space encroachment are less, firewood collection is 
reported from developing economies like Cape Town (Odindi et al., 2012) and Port 
Elizabeth (Odindi and Mhangara 2012). Direct deforestation is prevalent across all 
economies of the world. In Sarajevo (Lacan and McBride 2014), trees were cut down 
to make space for burial ground. Fire also causes considerable loss of green space in 
developing countries. In Rio de Janeiro (Matos et al., 2002) fires incidences occurring 
out of intentional religious practices and waste incineration or accidents led to loss of 
forest. 
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Underlying Causes 
Social and demographic factors like population increase and immigration of 
population to the urban centers affects urban green cover adversely, predominantly in 
developing countries. Population growth coupled with increasing number of 
immigrants to city led to shrinkage of the natural areas in Delhi (Kumar 2009). 
Accelerated growth of slum population fosters the loss of wetlands and vegetation 
cover in Dhaka (Mamun et al., 2013). 
Economic factors indirectly drive urban green space; the economic status of the 
household or employment is an important underlying cause in developed countries. In 
Chicago (Iverson and Cook 2000), it has been observed that wealthy regions have 
higher tree cover, whereas in Atlanta (Lo and Yang 2002), increasing affluence of 
population led to rapid suburbanization with resultant adverse impact on urban 
vegetation. Some of the developing countries are undergoing green space shrinkage 
owing to increased investment in real estate and industry as in Delhi (Kumar 2009). 
Economic development and reform as well as land value/home value are important in 
both developed and developing countries. Reconstruction and development program 
in the urban areas of Port Elizabeth (Odindi and Mhangara 2012) led to steady decline 
in green space. In Washington DC (Masek et al., 2000) most of the conversion of 
agricultural and forest land to urban land uses are associated with the period of high 
economic growth and rapid development. Formal policies of urbanization and 
industrialization lead to accelerated growth of the cities in developed countries and 
resulted in considerable loss of green space. Non-conducive policy climate like 
corruption, mismanagement, ineffective policy implementation is prevalent in 
developing economies. In Kumasi city of Ghana, Menshan (2014) observed that 
leniency in enforcement of town plans is responsible for decrease in urban vegetation. 
The impact of ownership of land is also important in both developed and developing 
countries. It has been observed in Toronto (Conway et al., 2011) that residents’ 
associations are more involved in urban forestry activity, where there is greater rate of 
owner occupancy and higher priced houses. Conflict arising out of ownership over 
green space lands is responsible for destruction of several green spaces in Kumasi, 
Ghana (Menshan 2014). 
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Among cultural factors, the lack of concern of people towards trees is important in 
developing countries. Uncooperative attitudes of the general public towards 
preservation of green spaces are prevalent in Kumasi, Ghana (Menshan 2014). It is 
also seen that recreational land use leads to shrinking of green spaces in the cities of 
developed countries. Aspects such as tourist vocation and tourist settlement in 
Sardinia (Giordano and Boccone 2010) are responsible for loss of vegetation cover. 
Other factors 
There are also other factors which drive changes in urban green space. Environmental 
and other biophysical factors like topography and drought conditions influence urban 
green spaces adversely. It has been observed in Denver (Mennis 2006) that flat areas 
of low altitude tend to have low vegetation intensity. The extended and severe drought 
resulted in loss of many trees in Canberra (Banks and Brack 2003). Social trigger 
events like war tend to profusely damage the urban vegetation in developed and 
developing economic. The vegetation cover in cities of Hiroshima, Tokyo (Cheng and 
McBride 2006) and Sarajevo (Lacan and McBride 2014) has been severely impacted 
by war. 
The overall mechanism of how all factors, i.e. drivers, proximate causes and other 
factors, play their role in the enhancement and/or decrease of urban green space are 
shown in Figure 2.4 and Figure 2.5. 
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Table 2.5: Major drivers of urban vegetation across the globe. 
Major Driver Type of driver Impact on vegetation cover Location Reference 
Expanding 
settlement and 
roads 
Economic and 
cultural 
Direct: a) Expansion of urban area led to forest 
fragmentation and deforestation. 
Atlanta Miller 2012. 
b) Increase in housing area is related to higher green 
cover, due to presence of trees and turf in the 
residential areas. 
 
Denver Mennis 2006. 
c) Rapid urbanization and informal settlements 
extended primarily on the agricultural land and then 
on the vegetated areas. 
 
Dhaka and 
Tunis 
Mamun et al., 2013; 
Weber and Puissant 
2003. 
Planting of trees 
Social and 
cultural 
Direct: a) Home owners planting more trees. Terra Haute Jensen and Gatrell 2009. 
b) Forest regeneration after agricultural abandonment. 
 
Florianopolis Bapitstita 2008 
Economic status 
Social and 
economic 
Indirect:  a) Wealthy regions have higher tree cover 
than the poorer regions. 
Chicago; 
Santiago. 
Iverson and cook 2000; 
Escobedo et al., 2006. 
b) Increasing affluence of population lead to rapid 
suburbanization and with resulting in adverse impact 
on urban vegetation. 
 
Atlanta Lo and Yang 2002. 
Investment Economic 
Indirect: a) Investment in the construction sector lead 
to alteration of natural land to urban areas. 
Delhi; 
Shenzhen 
Kumar 2009;  
Gong et al., 2013. 
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Policies 
Political/ 
economic 
Indirect: a) The reconstruction and development 
program in the   urban areas led to steady decline in 
green space. 
Port 
Elizabeth 
Odindi and Mhangara 
2012. 
b) The urban reconstruction policy, through which the 
industrial land was reallocated to institutional land 
and green space. 
Beijing Kuang 2012. 
c) Planning for reforestation and greening program 
led to increase in the vegetation cover. 
Shijiazhuang; 
Morelia, 
Mexico. 
Shi and Xiao 2008;  
López et al., 2001 
d) Planning and campaigns for trees. 
 
Charlote Ben Dor et al., 2014 
Policy 
implementation 
Social and 
cultural 
Indirect: a) The teamwork of the academic 
researchers and urban forest managers lead to large 
scale replanting. 
Sarajevo, 
Bosnia and 
Herzegovina 
Lacan and McBride 
2014. 
 
b) The laxity in the enforcement of the town plans 
and the 'pitiable' coordination among responsible 
organization lead to decrease in the urban vegetation. 
 
Kumasi City, 
Ghana;  
Dhaka 
Menshan 2014; Mamun 
et al., 2013. 
Property rights 
Political/ 
economic 
Indirect: a) Public institutions successfully conserved 
large areas of green cover. 
Bangalore Nagendra et al., 2012 
b) Investment of the local government and public on 
creation of artificial forest. 
 
Melbourne Dobbs et al., 2013 
Public attitudes, 
Values and 
Beliefs 
Social and 
cultural 
Indirect: a) Uncooperative attitude of the general 
public towards preservation of green space 
Kumashi 
City, Ghana; 
Dhaka 
Mensah 2014; Conway et 
al., 2011. 
b) Residents involvement to create 'green' image. Chicago Iverson and Cook 2000. 
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c) The cultural practices of the residents lead to 
planting and conserve more trees. 
Almora; 
Bangalore 
Sharma et al., 2012; 
Nagendra et al., 2012 
Population 
increase 
Demographic 
Indirect: a) The urban population influx associated 
with transitional period in South Africa, led to 
destruction of vegetation cover. 
Port 
Elizabeth, 
South Africa 
Odindi and Mhangara, 
2012. 
b) With the population increase, there also increase in 
demand for residential areas corresponding decrease 
in vegetation. 
Shenzhen, 
China 
Gong et al., 2013 
Warfare 
Social and 
political 
Indirect: The destruction of trees due to fire weapons 
and energy demands during war. 
Sarajevo, 
Tokyo and 
Hiroshima 
Lacan and McBride 
2014; Cheng and 
McBride 2006. 
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Figure 2.4: Mechanism of human effect on detriment of urban green space. 
 
 
Figure 2.5: Mechanism of human effect on enhancement of urban green space. 
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Discussion 
The analysis reveals that no single factor drives urban green space. Different 
combinations of factors in different geographical regions drive it. Vegetation cover in 
a city is a result of interplay of synergetic–cum–antagonistic factors, especially the 
proximate causes and underlying factors. We find that depletion in urban greenery is 
mainly driven by rapid urbanization that requires infrastructure expansions, which 
itself is the most important proximate cause across the world. This has resulted in 
large scale infringement of green spaces and is supplemented by urbanization along 
with economic policies that stimulate further urban growth, at an underlying level. 
But at the same time, some cities like Jinan (Kong and Nakagoshi 2006) of China 
experienced a significant increase of total urban green space because of urban 
greening policies. Kong et al., (2005) concludes that urban green policies and urban 
sprawl are the driving forces in Jinan. Thus, policies and planning, like the urban 
reconstruction policy in Beijing (Kuang 2012) and greening policy as in Tokyo and 
Hiroshima (Cheng and McBride 2006) positively guides the forest department and 
other agencies in management and augmentation of urban green space.  
Cities of developing countries differ from the cities of developed countries in terms of 
denseness and morphology, with higher population concentration and compactness 
and lesser open space (Huang et al., 2007; Schneider and Woodcock 2008). Often 
cities of developing countries grow in a frantic manner, triggered by economic 
prosperity, especially Chinese and Indian cities (Schneider and Woodcock 2008), 
exhibiting plateauing of urban growth in city center and protection of green spaces in 
the centre, while the peripheral area experiences rapid change with loss of green areas 
coupled with fragmentation of connectivity (Paul and Nagendra 2015). But there is 
there is a lack of sufficient focus of urban policy on urban greening, globally as well 
as in South Asia (United Nations 2014). 
Post World War II, cities of developed countries were characterized by renovation of 
the urban core and fast development of suburbs with dramatic loss of natural areas. 
Adaptation of greenspace programs stimulated by ideas of sustainability and green 
urbanism (Beatley 2000) led to extension of green belts, development of green 
wedges piercing into the urban core or growing alongside the urban core in the cities 
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of developed countries (Ignatieva et al., 2011). Eventually these greenspaces now 
serve as key areas for ecological linkages and provide opportunities to enjoy nature in 
the cities of developed countries (Ignatieva et al., 2011). Over the years, urban 
greening has gone from theory to practice in developing countries also. Developing 
countries have awakened to the need of sustainable development and the recognition 
of the need of green infrastructure, which results in reduction of environmental risks 
and improved human wellbeing. 
It is evident from the review that in a large number of case studies from developing 
countries, the State has formulated formal policies for urban greening (Jinan, Kong et 
al., 2005), embarked on tree plantation programs (Zhou and Wang 2011) and creation 
of parks and reserves. But the developing countries fail to benefit from other 
developed city’s experience. In developing countries, meeting the basic demands of 
development are given precedence over the efforts of green space preservation and 
enhancement, thus leading to overshadowing of greenery and other environmental 
concerns by the developmental needs (Jim 2004). 
Public awareness and attitude towards trees and their participation in conservation 
efforts are very essential for implementation of urban greening programs. Pro-
environmental attitudes of people in developed and developing economic countries 
tend to act positively towards increase of urban green space. People can contribute 
greatly in accomplishment of enduring environmental sustainability by embracing 
pro-environmental behavioral patterns (Steg and Vlek 2009). As McKinney (2002) 
considered that ‘fostering a well-informed public may be the most important 
application of urban ecology’, it is essential that more and more people be made 
aware and educated about the benefits of urban forests and encouraged to plant and 
conserve trees. Thus, there again arises the role of the country’s government and their 
policies for propagation of such causes through schools, local government, forest 
department, etc. 
Success stories 
Urban green space is undergoing transformation around the world and is evolving 
continuously in conjunction with the ever changing city fabric (Jim and Liu 2001). 
Rapid urbanization coupled with population growth pose a challenge to urban green 
36 
 
spaces, especially in cities (Dhaka, Istanbul, Port Elizabeth) of the developing 
countries, where little attention is paid to development and conservation of green 
space (Jim 2013). But the situation is not very dismal. There are also positive cases 
depicting significant increase in green spaces in both the economies. Developmental 
and restoration activities in developed countries are underway (Elmqvist et al., 2013) 
leading to regeneration of urban greens. Even though Rome underwent extensive 
urban expansion, it still has experienced significant increase in vegetation owing to 
vegetation growth in the abandoned agricultural land. Also, acknowledgment of 
ecological recreational value of urban greens resulted in the adopting of conservation 
measures like creation of parks and reserves. There are also case studies from 
developing countries (Morelia, Beijing) reporting significant increase in urban 
vegetation cover. Like many other cities of developing economies, economic reforms 
and development attracted a large number of populations to Beijing resulting in 
eventual expansion of the city. But effective urban planning and policy of urban 
reconstruction ensured creation and preservation of green space. Mountains were 
reforested (Qui et al., 2004) and the transfer of industrial and residential land to 
institutional land and green space improved urban landscape and ecological functions 
(Kuang 2012). There are also examples of cities like Almora in India (Sharma et al., 
2012) and Ulaanbaatar in Mongolia (Amarsaikhan et al., 2011), which are undergoing 
increase in vegetation cover. At least there is hope of some positive trend in 
vegetation cover. Government involvement has proved to be very imperative in 
boosting and conserving urban green space and prevention of encroachment on 
residual green spaces. Thus, efforts towards greening of cities should be strengthened 
and more research findings should be incorporated into planning and designing of 
developing and developed cities alike. 
Conclusion 
This review of 66 case studies from developed and developing countries helps in 
understanding the major forces and their interplay that drive vegetation in cityscape. 
The case studies from southern hemisphere remain underrepresented. There are 
growing studies from developing countries of China and India in recent times. 
Remote Sensing and GIS application is the cost effective and most prevalent method 
applied in most studies while household survey and other surveys were successful in 
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finding out the local preferences and culture specific motivation for green space 
conservation in developed countries. Rapid urban expansion in the recent decades led 
to thinning and destruction of green spaces in some cities, while some of the cities 
succeeded in maintaining or even extending their vegetal cover. Changes in urban 
green cover are a direct outcome of rapid urbanization that is happening is most 
developed and developing countries, worldwide. While in most cases, reducing green 
cover has been the direct outcome of urbanization policies, instances have also been 
seen wherein efforts were made to compensate the losses. Efforts of preservation and 
enhancement of green cover are mostly outcome of urban greening policies, leading 
to increase in green spaces. Policies and planning, like urban reconstruction policies 
and greening policy guides agencies such as forest department and other agencies in 
management and augmentation of urban green spaces. Greening policies also resulted 
in the transformation of industrial land to green areas and to an increase in public 
institutional ownership that have successfully preserved green spaces in some cities. 
Several cities have however experienced a decline in green cover as a consequence of 
reconstruction policy. Thus, a myriad set of factors that have their role in the changing 
green cover are seen to interplay between themselves to reach a congruent impact on  
green spaces, rather than be directly impacting. Also, socio-economic and 
demographic factors in various countries have varying impact on the amount and 
changes in green spaces. Significant impact is expected due to these changes of green 
cover and any effort to improve the amount of green cover must address these specific 
factors. It significantly emanates that a combined governmental and people inclusive 
approach has to be made to reach better solutions to improving green cover regions 
within urban areas. It is evident from the analysis of increase/decrease in urban green 
spaces that balancing the need for urban migration, expansion and infrastructure 
development along with a sound urban green space policy, better societal awareness 
and participation and strict green space expansion management is the ideal 
formulation for governments and decision makers in both developing and developed 
countries. This balance needs to be strictly ensured so that urban sprawl does not 
blindly obliterate green spaces, especially in the growth of cities. 
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Chapter 3 
Vegetation change and fragmentation in the mega city 
of Delhi: Mapping 25 years of change 
Introduction 
Urban green spaces constitute one of the most significant assets of a city, providing 
relief in stressed urban environments (Elmqvist et al., 2013). With more urban 
densification, the few remaining green spaces in urban areas are becoming 
increasingly significant refuges for urban biodiversity (Goddard et al., 2010). Urban 
vegetation provides various ecosystem services including air purification, water 
infiltration, reduction in water pollution, micro-climate regulation, noise reduction 
and carbon sequestration (Kong et al., 2007). Urban green spaces also provide critical 
places that connect people to nature, provide environmental education and play an 
important recreational, spiritual, therapeutic and cultural role in the lives of city 
residents (Bolund and Hunhammar 1999. Green cities contribute to increased urban 
sustainability and towards human wellbeing (Bolund and Hunhammar 1999; 
Arnberger 2006; Bennett et al., 2009). 
Yet despite their importance, urban green spaces are at increasing risk, shrinking in 
area and experiencing fragmentation and loss in connectivity due to increasing 
demands for urban expansion and increased intensity of the urban footprint in and 
around cities (Seto et al., 2012). Their distribution is spatially irregular and driven by 
various biophysical, ecological, social and economic forces (Pickett et al., 2001). The 
driving forces of the vegetation change can be categorised into proximate causes and 
underlying forces. Proximate causes are those immediate human actions that change 
vegetation cover like infrastructure development (road development, commercial and 
residential development) (Geist and Lambin 2001). The underlying causes reinforce 
proximate causes of vegetation change and mostly originate at regional, national or 
global level. The underlying causes include biophysical, political, demographic, 
cultural, economic and technological changes (Geist and Lambin 2001).  
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Accurate knowledge of the factors driving changes in extent, location and distribution 
of green spaces is important to help city planners design better policies for 
conservation of urban green spaces. Satellite images are an excellent data source for 
accurate and extensive monitoring of green cover, providing repetitive coverage at 
high spatial resolution, with easy availability (Kendal et al., 2012; Nagendra et al., 
2012; Jim and Chen 2003). Further, the ability of remotely sensed data to be easily 
integrated into a geographic information system (GIS) along with other datasets for 
spatial analysis has greatly facilitated urban studies (Wentz et al., 2014).  
Monitoring of urban green spaces is a particularly important challenge for Asia, 
which contains some of the world’s densest and fastest growing cities. Asian cities are 
projected to account for over half of the anticipated global increase in urban cover in 
the coming two decades, with green spaces particularly at risk (Seto et al., 2012)  
India is projected to account for the greatest fraction of this change, with Indian cities 
anticipated to add over 400 million people by 2050 (United Nations 2014). 
Delhi, India’s capital city has experienced rapid, planned and unplanned expansion at 
the cost of its greenery leading to large scale impact on the city’s ecosystem services 
and biodiversity. In this study, we use satellite images from 1986, 1999 and 2010 to 
map changes in urban and green cover, assess the fragmentation of green spaces and 
identify the drivers of change in green space of Delhi amidst rapid urbanization. In the 
present study urban green space includes land that is partly or completely covered 
with trees and shrubs.  
We focus on two issues. First, recent studies of Indian cities (summarized in 
[Nagendra et al., 2012]) suggest that urbanization in India may follow a pattern of 
growth that is somewhat different from what is observed in North American cities. 
Specifically, high land prices in the city center may lead to plateauing of urban 
growth and protection of green spaces in the center. Peripheral areas face rapid 
change with loss of vegetation area coupled with fragmentation of connectivity and 
increased proximity to the urban built-up areas. Thus the pattern of vegetation 
fragmentation needs to be monitored over time, because it affects distribution and 
diversity of species assemblages, which are very important for maintenance of 
biodiversity and functioning of healthy urban ecosystem. This needs to be better 
understood, as such differences can shape the focus of urban planning and policy. 
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Second, there is a lack of sufficient focus of urban policy on urban greening, globally 
as well as in South Asia (United Nations 2014). Indian cities like Delhi are shaped by 
their history as former colonial settlements, with large campuses that continue to be 
managed by various governmental agencies. The effect of these public institutions on 
the protection and maintenance of urban green spaces needs to be better understood 
(Nagendra et al., 2012), as these represent locations where interventions for greening 
are perhaps most feasible for urban policy.   
Following from this, we examine the role of the two factors identified above in 
driving changes in urban green spaces and fragmentation (a) the impact of urban 
development in shaping differences in the extent and fragmentation of green spaces 
between city center, intermediate and peripheral areas and (b) the role of public 
institutions in protecting green cover and limiting fragmentation. This study advances 
our understanding of the pattern-process relationship between urbanization and land 
cover change/fragmentation in India’s largest and the world’s second-largest city. A 
test of methodology based on Bangalore paper (Nagendra et al., 2012) has been done.   
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Figure 3.1: Study area.  
Materials and Methods 
Study Area 
The National Capital Territory of Delhi (NCTD) is located between 28°24’17”N and 
28°53’45” N and 76°51’00”E and 77°20’30” E (Figure 3.1). It covers an area of 1,490 
km
2
, with an altitude ranging from 213 to 305 m above sea level. The topography of 
the NCTD ranges from largely agricultural plains in the north to the arid foothills of 
the Aravalli range in the south. The Yamuna river transverses the city from the north 
to south. The climate is humid subtropical with long, hot summers and brief winters 
with heavy fog. The annual temperature varies from about 3º C in the winter to about 
45º C in the summer. The monsoon season ranges from July to September with 400-
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600 mm of annual precipitation. The native vegetation of NCTD is a tropical dry 
thorn forest (Champion and Seth 1968). 
Administratively, NCTD is divided into 9 districts, and 27 administrative sub-
divisions or tehsils. The NCTD is administered by three local bodies - (i) New Delhi 
Municipal Council (NDMC), (ii) Delhi Cantonment Board (DCB) and (iii) Municipal 
Corporation of Delhi (MCD). The population density of NCTD was 11,297 
people/km
2
 in 2011 and is estimated to have an annual growth rate of 1.92% 
(Government of NCT of Delhi 2012). 
NCTD is dominated by urban land cover (Sharma and Joshi 2013). Despite the high 
proportion of urban cover and high population density, NCTD has extensive tree 
cover in a number of managed green spaces including parks, educational institutions, 
government and military areas and archaeological sites (Krishen 2006; Khera et al., 
2009). The city also harbours a wildlife sanctuary, the Asola-Bhatti sanctuary, 
covering an area of 19.91 km
2
. 
NCTD is comprised of juxtaposition of old and new areas.  The oldest part of the city 
is the congested walled area of Shahjahanabad, founded by the Mughal emperor Shah 
Jahan in 1638. Delhi subsequently became the capital of British India in 1911. 
Following this, British architect Edwin Lutyens designed the capital city of New 
Delhi, popularly known as Lutyens’ Delhi, following a geometrical plan, with large 
open green spaces and wide roads that ran along the main directions of the compass 
(Dupont 2004). Delhi cantonment, built in 1914, also contained wide roads, within 
which bungalows and administrative buildings were located. The present day NDMC 
and DCB local administrative areas correspond to Lutyens’ Delhi and the Delhi 
Cantonment areas respectively. As with many other Indian cities, Delhi is now rapidly 
expanding towards its periphery, with high density urbanised areas in the city center 
and urban sprawl towards the periphery.  
Adopting the definitions used by Jain et al., (2011), three zones, representing different 
densities of urban development corresponding to different time periods have been 
identified within NCTD (Figure 3.1). The city Core represents the older part of Delhi, 
consisting of Old Delhi Tehsils (Karol Bagh, Pahar Ganj, Sadar Bazar, Daryaganj, 
Kotwali) and New Delhi Tehsils (Parliament Street, Connaught Place and Chanakya 
Puri). A Transitional zone (defined as ‘Ring 1’ by [Jain et al., 2011], which represents 
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intermediate areas of the city, is defined on the basis of density of urban built space 
and proximity to core, and is represented by East Delhi Tehsils (Seelampur, Shahdara, 
Seemapuri, Gandhi Nagar, Vivek Vihar and Preet Vihar), as well as Patel Nagar, 
Rajouri Garden, Civil Lines, Model Town and Defence Colony Tehsils. The city 
Periphery (defined as ‘Ring 2’ by [Jain et al., 2011]) is the peri-urban outer ring of 
development in NCTD, containing sections of the South, South-West and North-West 
Tehsils of Delhi (Saraswati Vihar, Kalkaji, Punjabi Bagh, Narela, Hauz Khas, Vasant 
Vihar, and Najafgarh). 
Methods 
Three satellite images were used for analysis. No good quality, cloud free 30 m 
resolution Landsat TM images of the study area were available from the 1980s. Thus, 
a 60 m resolution Landsat MSS image of 11 January 1986 was downloaded from the 
USGS Global Visualization Viewer (http://glovis.usgs.gov). A 30 m resolution of 
Landsat ETM+ image of 22 October 1999 was downloaded from the Global Land 
Cover Facility at the University of Maryland. A 23m IRS LISS 3 image of 6 
November 2010 was also acquired from the National Remote Sensing Agency of 
India. Most of the planted trees in Delhi are evergreen (Krishen 2006). For the few 
deciduous trees found planted in and around the city, leaf-fall largely takes place after 
mid-January, between mid-January to March: thus there is minimal phenological 
variation in tree cover during the period of late-October to early-January (Krishen 
2006), and our classification accuracy is unlikely to be affected by the time difference 
between images, given the focus of this analysis on vegetation change and the 
approach adopted, which is of supervised classification. 
We adopt a method of post-classification change detection (Figure 3.2). Relative and 
absolute radiometric calibration was not conducted on this dataset due to the lack of 
availability of unpolluted deep water bodies in this urban region to act as dark targets 
(Hall et al., 1991). Change detection using post-classification comparison methods is 
known to be relatively non-sensitive to radiometric variation across sensors (Mas 
1999; Lu et al., 2004) and this approach has been utilised successfully by recent 
studies of land cover change in Indian cities such as Kolkata (Bhatta 2009), Jharkhand 
(Kumar et al., 2011) and Delhi (Joshi et al., 2011). We further verified the accuracy 
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of our change detection by an independent accuracy assessment of change images as 
described further below. 
The 2010 image was spatially registered to nine 1:50,000 Survey of India topographic 
sheets, after which the 1999 image was registered to the 2010 image and 1986 image. 
The 23 m IRS image and 60 m Landsat image were resampled to 30 m resolution 
during registration, in order to match the pixel size of the ETM image. Care was taken 
to ensure that spatial overlays were well matched, with root mean square registration 
errors maintained less than half a pixel. The spatial accuracy of registered images was 
verified by careful visual examination of the overlaid images across a number of well 
distributed locations using swiping.  
Supervised classification (Redner and Walker 1984) of images was then conducted, 
categorizing land cover into three classes for each time period – vegetation (tree 
cover, including trees in parks and gardens, orchards and plantations, trees planted on 
public and private premises, in parking lots, sacred gardens, cemeteries and avenue 
trees), built area (urban cover, including buildings, roads and other asphalted or 
concreted areas) and other areas (agriculture, open fields, barren rocks, grassy patches 
and other non-tree, water and non-urban land cover categories). The training 
information for supervised classification for the 2010 image was collected from visual 
interpretation of Google Earth imagery from near-date images. In addition, field visits 
were conducted in 2010-2011 in different areas in the city including in Dwarka, 
Narela, Hauz Khas, Najafgarh, East Delhi, Delhi Cantonment and Delhi Ridge areas 
and were used as additional inputs for training and verification for classification of the 
2010 image. For the 1999 image, training information for supervised classification 
was conducted using visual interpretation of Google Earth imagery from near-date 
images. For the 1986 image, training information for supervised classification was 
collected from 1:50,000 Survey of India toposheets: these vary in date between 1970 
and 2002, but date from the 1970s for the majority of the study area. There has not 
been much change in much of the peripheral areas of Delhi between the 1970s and 
1980s, thus toposheets serve as a good source of information for this period. In 
addition, during field visits, interviews with long term residents were conducted to 
verify land cover in previous time periods for different areas in the city. This was 
further substantiated by examinations of newspaper archives for reports of vegetation 
clearing or plantation from the time period corresponding to earlier images. Eight 
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interviews were conducted with government officials from Delhi Forest Department, 
Horticulture Department of New Delhi Municipal Council (NDMC), Delhi 
Development Authority (DDA) and Central Public Works Department (CPWD) to 
confirm findings of land cover change in specific areas and to investigate the possible 
reasons for such change. 
Change detection was conducted on the classified images. In this process, information 
from images of two time periods is combined to create a land cover change trajectory 
for each pixel in the image, which describes the type of change occurring in that 
location (Nagendra et al., 2012). Using an image addition technique, the three 
separate images (1980s, 1990s and 2010) were combined to create a ‘change image’, 
with each pixel providing information on land cover for all dates (Nagendra et al., 
2003). Following Nagendra et al., (2003), the change trajectories were collapsed into 
four types: stable vegetation, increase in vegetation, decrease in vegetation and stable 
non-vegetation (as described further in Table 3.1), in order to focus on changes in the 
extent, location and spatial pattern of vegetation. Image analysis was conducted using 
ERDAS Imagine
TM
. In order to remove noise in the classification, a 3 × 3 filter was 
applied to the change image. Such filters are frequently used in land cover change 
analysis of highly fragmented urban areas (Nagendra et al., 2012; Huang et al., 2007; 
Thapa et al., 2009). This approach results in smoothing of fine-scale heterogeneity in 
land cover and micro variations in land use. Nevertheless, given the differences in 
image resolution across dates, this approach was believed to be of help in greater 
image comparability, with a focus of our analysis on the moderate to coarse-scale 
changes in vegetation cover. Independent accuracy assessment of the change 
detection image was conducted using an identical, independent set of 60 randomly 
selected ground verification points, applied across all three dates. These reference 
points were used for accuracy assessment and were not used as inputs in the 
supervised classification, thus providing an independent estimate of classification 
accuracy. 
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Table 3.1: Assignment of land cover change categories based on land cover in two 
time periods. 
Land cover in time 1 Land cover in time 2 Land cover change 
Vegetation Vegetation Stable vegetation 
Built-up Vegetation Increase in vegetation 
Others Vegetation Increase in vegetation 
Vegetation Built-up Decrease in vegetation 
Vegetation Others Decrease in  vegetation 
Others Built-up Stable non vegetation 
Built up Built up Stable non vegetation 
Built up Others Stable non vegetation 
Others Others Stable non vegetation 
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Figure 3.2: Flow chart of the study. 
Analysis 
The proportion of area within each vegetation change trajectory in the three, Core, 
Transitional and Periphery zones (as defined in section on study area) have been 
calculated. 139 polygons defining managed green spaces covering 109.10 km
2
 were 
mapped and termed as “public institutions” (Figure 3.3). These comprise areas which 
are owned and managed by different State and National Government institutions. 
They include archaeological sites, military establishments, educational institutions, 
city parks and reserve forest areas. Information from Survey of India topographic 
sheets, local guide maps and Google Earth was used to delineate spatial boundaries of 
these areas. The percentage of area occupied by various vegetation change trajectories 
was calculated for each of the public institution polygons. 
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Figure 3.3: Distribution of public institutions in the year 2010. 
The Landscape Fragmentation tool (LFT) 
(http://clear.uconn.edu/%5C/tools/lft/lft2/index.htm ; Vogt et al., 2007) was used for 
the quantification of vegetation fragmentation. On the basis of edge width, LFT 
classifies vegetation cover into patch, edge, perforated and core (Table 3.2). The edge 
width (here 100 m) denotes the distance upto which fragmenting land cover (e.g. 
urban) can degrade the land cover of interest (e.g. vegetation). 
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Table 3.2: Categories of land cover fragmentation. 
Results and Discussion 
Classification accuracy 
We achieved a significant proportion of classification accuracy. For the change map 
of 1986-1999, we find an overall accuracy of 91.7% and kappa of 0.86 (Figure 3.4, 
Table 3.3). The change map of 1999-2010 has an overall accuracy of 91.7% and 
kappa of 0.87 (Figure 3.5, Table 3.4). 
Category Description 
Patch Patch pixels are within a small vegetation fragment that does not 
contain any core forest pixels. 
Edge Edge pixels occur along the exterior fringe/ peripheries of the area 
containing core pixels. 
Perforated Perforated pixels occur on the edges along small vegetation gaps. 
Core 
 
Core pixels are vegetation pixels that are more than 100 meters from 
the nearest urban pixel: further classified into 3 categories 
 Small core patches that have an area of less than 1km2 
 Medium core patches that have an area between 1 and 2 km2 
 Large core patches that have an area greater than 2 km2 
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Figure 3.4: Vegetation change trajectories in three zones of the NCTD between 1986 
and 1999. 
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Table 3.3: Accuracy assessment for the 1986-1999 vegetation change map. 
Classification                                                  Reference Data 
 
Stable 
vegetation 
Stable non- 
vegetation 
Increase in 
vegetation 
Decrease in 
vegetation 
Row 
total  
User’s 
accuracy 
Stable 
vegetation 
11 0 1 2 14 78.6% 
Stable non- 
vegetation 
0 33 1 0 34 97.1% 
Increase in 
vegetation 
0 0 6 0 6 100% 
Decrease in 
vegetation 
0 1 0 5 6 83.3% 
Column 
total 
11 34 8 7 N=60  
Producer’s 
accuracy 
100% 97.1% 75% 71.4%  91.7% 
Overall accuracy = 91.7%. Kappa = 0.86. 
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Figure 3.5: Vegetation change trajectories in three zones of the NCTD between 1999 
and 2010.  
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Table 3.4: Accuracy assessment for the 1999-2010 vegetation change map. 
Classification Reference Data 
 
Stable 
vegetation 
Stable non- 
vegetation 
Increase in 
vegetation 
Decrease in 
vegetation 
Row 
total 
User’s 
accuracy 
Stable 
vegetation 
15 0 0 1 16 93.7% 
Stable non- 
vegetation 
0 27 2 1 30 90% 
Increase in 
vegetation 
0 0 6 0 6 100% 
Decrease in 
vegetation 
0 1 0 7 8 87% 
Column 
total 
15 28 8 9 N=60 
 
Producer’s 
accuracy 
100% 96.4% 75% 77.8% 
 
91.7% 
Overall accuracy = 91.7%. Kappa = 0.87. 
 
Land cover change and fragmentation in different zones 
Land cover change 
In all three zones of NCTD, there has been a slight decline in vegetation cover 
between 1986 and 1999, followed by a major decline between 1999 and 2010. In 
contrast, since 1986, there has been a steady increase in built-up area over time in all 
three zones of NCTD (Figure 3.6). In 1986, vegetation occupies a much larger 
proportion of area in the Core and Periphery compared to built-up area, while the 
proportions of both land covers are roughly equivalent in the Transitional zone. By 
2010, this has been reversed in the Transitional zone and Periphery, where built-up 
area now occupies a greater percentage of total cover. In the Core, vegetation 
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continues to occupy a greater share of total area, but the gap has narrowed greatly, 
and there is not much difference between built-up and vegetated area. A visual look at 
these trends indicates that decrease in vegetation between 1999 and 2010 is largely 
taking place as a consequence of the accelerated increase in built-up (urban) area 
during this period. 
 
Figure 3.6: Trend of vegetation cover and built-up area in the three zones of NCTD, 
between 1986 and 2010. 
The Core has higher amount of stable vegetation cover in comparison to the Periphery 
(Figures 3.7 and 3.8). In 1986-1999, the proportion of stable vegetation was 43.78% 
(30.05 km
2
) in the Core, 12.02% (42.44 km
2
) in the Transitional zone and only 4.27% 
(45.63 km
2
) in the Periphery. This can be attributed to the fact that a major part of the 
Delhi Central Ridge forest falls within the Core, which also contains a large number 
of avenue trees in areas of Lutyens’ Delhi. Most of the vegetation in the Transitional 
zone is located within Delhi Cantonment and also contains a number of military and 
educational campuses which are densely vegetated. The Transitional Zone also 
contains a section of the Northern Ridge and Central Ridge forests. Reversing this 
trend, the Core contains 18.61% (12.77 km
2
) of stable non-vegetation, compared to 
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the Periphery, where stable non-vegetation comprises more than 60% (853.80 km
2
) of 
the area. In all zones, stable vegetation cover decreased between 1986-1999, and 
1999-2010. While the Core and Transitional zone witnessed an increase in stable non-
vegetation over time, this trend is reversed in the Periphery, where the proportion of 
stable non-vegetation has decreased from 1986-1999 (79.97%, 853.80 km
2
) to 1999-
2010 (78.54%, 838.52 km
2
). This decrease is compensated by an increase in 
vegetation due to afforestation programs on village public lands, largely in the 
Periphery.  Afforestation was primarily conducted by the Government Department of 
Forest and Wildlife at locations including along the Najafgarh drain, Harewali, 
Issapur, Mitraon and Daryapur Kurd (further details of specific locations can be seen 
at Government of NCT of Delhi, n.d.).  
Vegetation clearing is taking place in the landscape across all the zones. Its’ 
proportion is highest (27.98%) (19.20 km
2
) in 1999-2010, in the Core in comparison 
to Transitional areas (16.97%) (59.88 km
2
) and to the Periphery (9.09%) (97.01 km
2
), 
demonstrating that the impact of urban growth and infrastructure expansion on urban 
tree cover has been most apparent in the green city Core. 
 
Figure 3.7: Percentage of area within different vegetation change trajectories in 
three zones of the NCTD between 1986 and 1999.  
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Figure 3.8: Percentage of area within different vegetation change trajectories in 
three zones of the NCTD between 1999 and 2010. 
Fragmentation 
Between 1986 and 1999, there is increased fragmentation of green space. By 2010 
this trend has been partially reversed due to afforestation and tree plantation in parts 
of the NCTD landscape (Figures 3.9, 3.10 and 3.11, Table 3.5). 
Areas in the ‘patch’ category, representing isolated small patches of vegetation, have 
increased from 72.92 km
2
 in 1986 to 83.03 km
2
 in 1999 (Figure 3.10). This can be 
related to the plantation of a large number of trees in small patches in village 
(gaonsabha) land, other government land and along avenues between 1986 and 1999. 
Between 1999 and 2010, however, there was a substantial decrease in patch area to 
67.54 km
2
, reflecting the elimination of small patches in the landscape, related to the 
felling of trees along avenues related to transport infrastructural expansion.  
The Periphery was the most fragmented zone with the highest proportion of patch 
area, reflecting the distribution of a number of small neighbourhood parks and 
afforested patches in erstwhile village commons in peri-urban areas, in comparison to 
the large parks and vegetated expanses in Lutyens’ Delhi, the Delhi cantonment, and 
Delhi Ridge forest areas which predominate in the Core and Transitional zones. 
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Paralleling the increase in fragmentation demonstrated by the patch category, edge 
areas also showed an increase from 94.31 km
2
 in 1986 to 106.51 km
2
 in 1999 and then 
reduced to 93.97 km
2
 in 2010. The Core has the least proportion of edge area because 
of its large expanses of contiguous core forest, in comparison to Transitional and 
Periphery areas. However, the Core also had the highest proportion of area in the 
perforation category in all years of study, related to the location of bungalows 
surrounded by gardens, as well as to quarrying and mining in the Ridge forest which 
was prevalent between 1986 and 1999, but later discontinued (Figure 3.12) (Mohan 
2000). Following the same trend observed in other categories, areas of core vegetation 
declined between 1986 and 1999, and increased in 2010 following afforestation 
plantation in the Ridge forest areas and in the Periphery. It is observed that, there is a 
trend of inverse relationship between edge area, patch area and perforation area in all 
the three zones of NCTD. Rapid urbanization of Delhi has led to the fragmentation of 
small woodlots causing upsurge in edge and patch area. Simultaneous slow 
progression of vegetation densification through creation of new plantations and eco-
restoration effort in the core forest areas of Delhi ridge has led to decrease in 
vegetation perforation in the landscape. 
Urban expansion leads to landscape fragmentation, configuration and diversity that 
can cause notable hindrance to the provision of ecosystem services (Su et al., 2012). 
The increased fragmentation and loss of vegetation, which is accentuated through 
increase in patch and edge area, can affect ecosystem functioning via reduction in the 
area of functional habitat and hence, of biodiversity (Wang and Moskovits 2001). A 
move from a lesser number of large patches to a greater number of small patches of 
vegetation will lead to a loss in capacity of vegetation to sustain local flora and fauna, 
which for instance will render many avian species vulnerable to predation (Fahrig 
2003). 
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Figure 3.9: Vegetation fragmentation pattern in NCTD in 1986. 
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Figure 3.10: Vegetation fragmentation pattern in NCTD in 1999. 
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Figure 3.11: Vegetation fragmentation pattern in NCTD in 2010. 
 
Figure 3.12: Lutyens’ Bungalow Zone: (a) Satellite imagery; (b) Areas around non-
vegetation shown as ‘perforations’ in the vegetation fragmentation map. 
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Table 3.5: Area and percentage of area within different vegetation fragmentation 
categories in three zones of the NCTD in 1986, 1999 and 2010. 
Year Fragmentation 
Category 
Core    Transitional          Periphery 
  
  
  
  
  
  
  
  
  
1
9
8
6
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
Patch 2.74 (6.03%) 24.71 (28.13%) 45.47 (33.59%) 
Edge 11.84 (26.05%) 32.22 (36.68%) 50.25 (37.12%) 
Perforation 16.56 (36.45%) 17.50 19.92%) 18.93 (13.98%) 
Core (<1  km
2
) 2.49 (5.49%) 6.08 (6.92%) 12.21 (9.02%) 
Core (1-2 km
2
) 0.07 (0.16%) 3.22 (3.66%) 2.45 (1.81%) 
Core (> 2  km
2
) 11.73 (25.82%) 4.12 (4.69%) 6.04 (4.47%) 
  
  
  
  
  
  
  
  
  
  
  
1
9
9
9
  
Patch 2.62 (6.40%) 21.85 (22.87%) 58.57 (41.39%) 
Edge 13.49 (32.97%) 38.57 (40.37%) 54.45 (38.48%) 
Perforation 13.29 (32.50%) 21.28 (22.27%) 17.41 (12.30%) 
Core (<1  km
2
) 1.88 (4.61%) 6.89 (7.21%) 9.27 (6.55%) 
Core (1-2 km
2
) 0.00 (0.00%) 3.63 (3.80%) 1.71 (1.21%) 
Core (> 2  km
2
) 9.62 (23.52%) 3.31 (3.47%) 0.11 (0.08%) 
  
  
  
  
  
  
  
  
  
  
 2
0
1
0
 
Patch 3.07 (10.40%) 17.61 (27.98%) 46.86 (35.39%) 
Edge 10.89 (36.96%) 26.04 (41.36%) 57.04 (43.08%) 
Perforation 7.03 (23.86%) 8.04 (12.78%) 9.96 (7.52%) 
Core (<1  km
2
) 2.02 (6.86%) 6.27 (9.96%) 14.77 (11.16%) 
Core (1-2 km
2
) 1.24 (4.22%) 1.22 (1.94%) 1.18 (0.89%) 
Core (> 2  km
2
) 5.21 (17.69%) 3.76 (5.98%) 2.59 (1.95%) 
 
The role of public institutions 
Land cover change 
Within NCTD, public institutions have a significant amount of area under stable 
vegetation cover. Though more than 28% of the area is under stable vegetation cover, 
there is a general trend of decrease in green cover since 1986 (Tables 3.6 and 3.7). In 
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the city Core, the Delhi Ridge forests, understandably, harbour the highest proportion 
of stable vegetation cover with regrowth between 1986 and 1999, but decrease in 
vegetation between 1999 and 2010 because of encroachments (Mohan 2000). 
However, forest patches in the Periphery show an increase in vegetation between 
1986-1999 and 1999-2010 as a consequence of the afforestation and eco restoration 
programs conducted by the Forest Department and Eco-Task Force in this area in 
recent years (Bajwa 2010, FSI 2011).  
Since 1986, areas within archaeological sites and military and educational campuses 
have experienced a decrease in vegetation cover due to urban construction and the 
expansion of built space within these areas for housing, administration and 
infrastructural development (Mohan 2004). There was individual variation within 
sites: for instance, vegetation cover in Jawaharlal Nehru University campus increased 
between 1999 and 2010, but vegetation cover in the North Campus of Delhi 
University decreased during the same time period. In contrast to the general trend, 
there is increase in green cover at the Periphery zone in the year 1999-2010. The 
proportion of increase in vegetation cover was 15.38% in 1986-1999 and has 
increased to 20.82% in 1999-2010. The stable vegetation cover in the ‘Archaeological 
sites’ of the Periphery has decreased from 29.24% in 1986-1999 to 19.27% in 1999- 
2010, because of unplanned urban growth and encroachment of the archaeological 
sites (Mohan 2004).  
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Table 3.6: Area and percentage of area within different vegetation change trajectories for various categories of Public institutions in three 
zones of the NCTD between 1986 and 1999.  
         Area (km
2
)
 
       Archaeological sites Military campuses Educational Campus   Urban parks Forest areas 
C
o
re
 
Stable vegetation 0.53 (71.90%) 0.46 (49.85%) 0.08 (54.38%) 2.64 (64.46%) 5.29 (93.95%) 
Increase in vegetation 0.08 (11.53%) 0.13 (14.20%) 0.03 (17.50%) 0.76 (18.64%) 0.23 (4.16%) 
Decrease in vegetation 0.11 (15.09%) 0.10 (11.36%) 0.02 (12.50%) 0.48 (11.59%) 0.08 (1.42%) 
Stable non- vegetation 0.01 (1.47%) 0.23 (24.58%) 0.02 (15.63%) 0.22 (5.31%) 0.03 (0.46%) 
T
ra
n
si
ti
o
n
al
 Stable vegetation 0.19 (41.99%) 13.08 (50.41%) 2.64 (35.10%) 1.68 (52.38%) 3.46 (72.18%) 
Increase in vegetation 0.16 (35.70%) 3.99 (15.37%) 1.08 (14.38%) 0.64 (19.97%) 0.86 (17.87%) 
Decrease in vegetation 0.05 (11.76%) 4.94 (19.02%) 1.64 (21.81%) 0.49 (15.24%) 0.36 (7.55%) 
Stable non- vegetation 0.05 (10.55%) 3.94 (15.19%) 2.16 (28.71%) 0.40 (12.41%) 0.12 (2.40%) 
P
er
ip
h
er
y
 Stable vegetation 1.03 (29.24%) 1.25 (27.69%) 3.27 (48.07%) 3.23 (35.00%) 9.62 (29.96%) 
Increase in vegetation 0.37 (10.53%) 0.69 (15.38%) 0.78 (11.51%) 1.56 (16.94%) 3.91 (12.16%) 
Decrease in vegetation 1.07 (30.23%) 1.01 (22.42%) 1.92 (28.21%) 0.82 (8.84%) 7.19 (22.38%) 
Stable non- vegetation 1.06 (30.00%) 1.55 (34.51%) 0.83 (12.20%) 3.62 (39.22%) 11.40 (35.50%) 
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Table 3.7: Area and percentage of area within different vegetation change trajectories for various categories of public institutions in three 
zones of the NCTD between 1999 and 2010.  
Area (km
2
) Archaeological sites Military campuses Educational campuses Urban  parks Forest areas 
  
  
  
  
  
 C
o
re
 
Stable vegetation 0.47 (63.44%) 0.40 (43.10%) 0.06 (41.88%) 2.56 (62.39%) 5.01(89.09%) 
Increase in vegetation 0.09 (12.76%) 0.09 (10.09%) 0.01(8.75%) 0.40 (9.75%) 0.07 (1.23%) 
Decrease in vegetation 0.12 (15.95%) 0.21(22.82%) 0.04 (28.13%) 0.76 (18.46%) 0.48 (8.54%) 
Stable non- vegetation 0.06 (7.85%) 0.22 (24.00%) 0.03(21.25%) 0.39 (9.40%) 0.06 (1.14%) 
   
  
  
 T
ra
n
si
ti
o
n
al
 
  
  
  
  
  
  
  
  
  
  
  
Stable vegetation 0.20 (45.64%) 9.41 (36.27%) 2.00 (26.52%) 1.57 (48.94%) 3.98 (82.98%) 
Increase in vegetation 0.06 (13.79%) 2.73 (10.53%) 0.89 (11.87%) 0.49 (15.15%) 0.49 (10.20%) 
Decrease in vegetation 0.12 (26.98%) 7.46 (28.74%) 1.73 (22.98%) 0.69 (21.57%) 0.28 (5.79%) 
Stable non- vegetation 0.06 (13.59%) 6.35 (24.47%) 2.91 (38.62%) 0.46 (14.34%) 0.05 (1.03%) 
  
  
  
P
er
ip
h
er
y
 
Stable vegetation 0.68 (19.27%) 0.89 (19.76%) 2.89 (42.56%) 3.68 (39.86%) 8.54 (26.60%) 
Increase in vegetation 0.63 (17.72%) 0.94 (20.82%) 1.49 (21.85%) 1.74 (18.82%) 8.52 (26.53%) 
Decrease in vegetation 0.82 (23.32%) 1.12 (24.82%) 1.15 (16.92%) 1.08 (11.74%) 5.24 (16.32%) 
Stable non- vegetation 1.40 (39.69%) 1.56 (34.61%) 1.27 (18.67%) 2.73 (29.58%) 9.81 (30.54%) 
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Table 3.8: Area and percentage of area within different fragmentation categories for the public institutions in three zones of the NCTD in 1986. 
 Public institutions Patch     Edge Perforation Core (<1  km
2
) Core (1-2 km
2
) Core (>2 km
2
)                 C
o
re 
Archaeological sites 0.00 (0.00%) 0.18 (27.79%) 0.23 (35.54%) 0.22 (34.27%) 0.00 (0.00%) 0.02 (2.40%) 
Military campuses 0.00 (0.16%) 0.10 (18.08%) 0.29 (52.16%) 0.01 (0.96%) 0.00 (0.00%) 0.16 (28.64%) 
Educational campuses 0.00 (4.67%) 0.07 (70.09%) 0.00 (0.00%) 0.00 (0.00%) 0.00 (0.00%) 0.02 (25.23%) 
Urban parks 0.04 (1.30%) 0.81 (25.98%) 1.12 (35.85%) 0.27 (8.60%) 0.00 (0.00%) 0.88 (28.26%) 
Forest areas 0.00 (0.00%) 0.11 (2.00%) 1.10 (20.46%) 0.00 (0.00%) 0.00 (0.00%) 4.16 (77.54%) 
T
ran
sitio
n
al 
Archaeological sites 0.02 (0.96%) 0.10 (41.13%) 0.08 (31.70%) 0.04 (16.98%) 0.00 (0.00%) 0.003 (1.13%) 
Military campuses 0.42 (2.31%) 5.40 (29.99%) 7.37 (40.89%) 2.49 (13.83%) 1.72 (9.55%) 0.62 (3.44%) 
 
Educational campuses 0.20 (4.62%) 1.79 (41.79%) 1.58 (36.88%) 0.15 (3.53%) 0.19 (4.45%) 0.37 (8.73%) 
 
Urban parks 0.32 (14.58%) 0.95 (43.91%) 0.31 (14.46%) 0.23 (10.69%) 0.00 (0.00%) 0.36 (16.36%) 
Forest areas 0.11 (2.76%) 0.30 (7.78%) 0.84 (22.10%) 0.06 (1.56%) 0.96 (25.09%) 1.56 (40.72%) 
 
             P
erip
h
ery
 
Archaeological sites 0.01 (0.57%) 0.83 (48.07%) 0.43 (24.79%) 
 
0.31 (18.22%) 0.00 (0.00%) 0.14 (8.35%) 
 
Military campuses 
 
 
 
 
 
0.09 3.90%) 1.08 (45.77%) 0.66 (28.03%) 0.32 (13.42%) 0.00 (0.00%) 0.21 (8.87%) 
Educational campuses 0.06 (1.08%) 1.43 (27.58%) 1.86 (35.94%) 0.16 (3.05%) 0.00 (0.00%) 1.68 (32.35%) 
 
Urban parks 
 
 
0.58 (14.34%) 1.74 (42.94%) 0.48 (11.92%) 1.21 (30.00%) 0.00 (0.00%) 0.03 (0.80%) 
Forest areas 1.04 (6.20%) 4.46 (26.56%) 5.63 (33.47%) 1.59 (9.46%) 1.03 (6.13%) 3.06 (18.19%) 
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Table 3.9: Area and percentage of area within different fragmentation categories for the public institutions in three zones of the NCTD in 1999. 
 Public institutions     Patch      Edge Perforation Core (<1  km
2
) Core (1-2 km
2
) Core (> 2  km
2
)              C
o
re 
Archaeological sites 
 
0.00 (0.69%) 0.32 48.48%) 0.26 (39.78%) 0.07 (11.05%) 0.00 (0.00%) 0.00 (0.00%) 
Military campuses 
 
0.01 (1.24%) 0.15 (22.82%) 0.31 (48.13%) 0.05 (7.05%) 0.00 (0.00%) 0.14 (20.75%) 
Educational campuses 
 
0.00 (0.00%) 0.04 (36.64%) 0.05 (38.93%) 0.00 (0.00%) 0.00 (0.00%) 0.03 (24.43%) 
Urban parks 
 
 
0.02 (0.50%) 0.73 (20.35%) 1.41 (39.08%) 0.26 (7.10%) 0.00 (0.00%) 1.19 (32.98%) 
Forest areas 
 
 
0.00 (0.05%) 0.18 (3.17%) 0.83 (14.78%) 0.00 (0.00%) 0.003 (0.00%) 4.60 (82.00%)        T
ran
sitio
n
al 
Archaeological sites 
 
0.00 (1.18%) 0.04 (10.35%) 0.28 (74.12%) 0.05 (14.35%) 0.00 (0.00%) 0.00 (0.00%) 
Military campuses 
 
0.70 (4.07%) 4.92 (28.51%) 7.59 (43.96%) 1.57 (9.10%) 1.75 (10.16%) 0.73 (4.21%) 
Educational campuses 
 
0.23 (5.91%) 1.61 (41.70%) 1.28 (33.00%) 0.34 (8.80%) 0.32 (8.40%) 0.08 (2.19%) 
Urban parks 
 
 
0.46 (17.53%) 1.13 (43.05%) 0.66 (25.03%) 0.36 (13.73%) 0.00 (0.00%) 0.02 (0.65%) 
Forest areas 
 
 
0.03 (0.66%) 1.13 (25.23%) 0.38 (8.36%) 0.54 (11.94%) 1.01 (22.35%) 1.41 (31.45%)  
Archaeological sites 
 
0.16 (9.72%) 1.22 (72.99%) 0.16 (9.89%) 0.05 (3.24%) 0.07 (4.16%) 0.00 (0.00%) P
erip
h
ery
 
Military campuses 
 
0.15 (6.95%) 1.32 (61.12%) 0.33 (15.49%) 0.35 (16.40%) 0.00 (0.00%) 0.009 (0.04%) 
Educational campuses 
 
0.26 (6.24%) 1.51 (35.57%) 1.61 (37.86%) 0.07 (1.74%) 0.79 (18.60%) 0.00 (0.00%) 
Urban parks 
 
 
0.65 (12.48%) 1.92 (36.98%) 0.87 (16.83%) 1.73 (33.39%) 0.00 (0.00%) 0.02 (0.33%) 
Forest areas 
 
 
1.93 (13.62%) 5.82 (41.21%) 3.74 (26.47%) 1.78 (12.61%) 0.86 (6.09%) 0.00 (0.00%) 
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Table 3.10: Area and percentage of area within different fragmentation categories for the public institutions in three zones of the NCTD 2010. 
 
Public institutions    Patch     Edge Perforation Core (<1  km
2
) Core (1-2 km
2
) Core (> 2  km
2
)              C
o
re 
Archaeological sites 
 
0.01 (1.93%) 0.28 (49.60%) 0.14 (25.28%) 0.13 (22.71%) 0.00 (0.48%) 0.00 (0.00%) 
Military campuses 
 
0.02 (4.24%) 0.30 (62.06%) 0.05 (10.13%) 0.04 (7.55%) 0.04 (8.66%) 0.04 (7.37%) 
Educational campuses 
 
0.00 (0.00%) 0.07 (93.83%) 0.00 (0.00%) 0.00 (0.00%) 0.00 (0.00%) 0.045 (6.17%) 
Urban parks 
 
 
0.03 (0.94%) 0.75 (25.38%) 0.82 (27.60%) 0.43 (14.61%) 0.13 (4.50%) 0.80 (26.96%) 
Forest areas 
 
 
0.01 (0.12%) 0.54 (10.63%) 0.81 (15.94%) 0.00 (0.00%) 0.00 (0.00%) 3.73 (73.31%)        T
ran
sitio
n
al 
Archaeological sites 
 
0.02 (7.17%) 0.16 (60.41%) 0.08 (31.40%) 0.003 (1.02%) 0.00 (0.00%) 0.00 (0.00%) 
Military campuses 
 
1.88 (15.46%) 4.84 (39.83%) 2.88 (3.73%) 1.81 (14.94%) 0.00 (0.00%) 0.73 (6.04%) 
Educational campuses 
 
 0.61 (21.19%) 1.25 (43.28%) 0.77 (26.48%) 0.15 (5.13%) 0.10 (3.36%) 0.02 (0.56%) 
Urban parks 
 
 
0.39 (18.97%) 0.88 (42.61%) 0.34 (16.30%) 0.44 (21.20%) 0.00 (0.00%) 0.02 (0.92%) 
Forest areas 
 
 
0.03 (0.06%) 0.70 (15.58%) 0.69 (15.50%) 0.61 (13.73%) 0.98 (21.94%) 1.48 (33.19%)          P
erip
h
ery
 
Archaeological sites 
 
0.03 (3.42%) 0.34 (34.75%) 0.14 (14.70%) 0.19 (19.50%) 0.00 (0.00%) 0.27 (27.63%) 
Military campuses 
 
0.33 (17.96%) 1.09 (59.01%) 0.23 (12.37%) 0.20 (10.66%) 0.00 (0.00%) 0.00 (0.00%) 
Educational campuses 
 
0.09 (2.16%) 2.00 (45.74%) 1.25 (28.50%) 0.50 (11.49%) 0.00 (0.00%) 0.53 (12.12%) 
Urban parks 
 
 
0.80 (14.72%) 2.37 (43.80%) 0.40 (7.38%) 1.85 (34.10%) 0.00 (0.00%) 0.00 (0.00%) 
Forest areas 
 
 
1.34 (7.86%) 6.79 (39.81%) 2.33 (13.66%) 3.94 (23.09%) 1.16 (6.82%) 1.49 (8.76%) 
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Fragmentation 
Public institutions have clearly contributed to retaining core vegetation areas in the 
city Core, Transitional zone and Periphery, across all years of study (Tables 3.8, 3.9 
and 3.10). Of these, forests and urban parks have played a major role in all three 
zones, while other public institutions including archaeological, educational and 
military campuses have protected core vegetation to varying degrees in different 
zones. Yet there has clearly been fragmentation over time, for instance as 
demonstrated by the decrease in the core vegetation area and increase in the patch 
area in military, educational and archaeological campuses in the city Core between 
1986, 1999 and 2010. Forest areas, especially in the Periphery, stand out as contrary 
to this overall trend of increased fragmentation over time. Since 1986, there has been 
a consistent decline in the perforation of forest areas in the Periphery zone, which has 
decreased from 33.47% in 1986 to 26.47% in 1999 and to 13.66% in 2010, due to 
infilling of the perforations through plantation of trees due to afforestation efforts.  
Conclusions 
The mega city of Delhi is one of the world’s largest and mostly densely populated 
urban agglomerations. It is the second most populous city in the world, with a 
population of 25 million that is expected to growth to 36 million by 2030 (United 
Nations 2014). A number of previous studies on land change in Delhi have assessed 
the dynamics of urbanization (e.g. Sharma et al., 2013; Jain et al., 2011), identifying 
economic drivers of urban land use change as a major force leading to urbanization 
(Kumar 2009). Research has documented the impact of the rapid expansion of urban 
built up areas on environmental degradation (Rahman et al., 2009), reduced 
ecosystem functioning (Mohan 2000) and air and water pollution (Agrawal 2005). 
Previous research indicates that the impact of urbanization on environmental pollution 
and ecosystem degradation are driven by losses in green cover, which therefore 
requires additional examination. This study, which focuses on the dynamics of 
vegetation, can contribute to sustainable urban land use planning for Delhi in an era 
when India is focused on the development of smart cities, adding a critical component 
of ecological sustainability that receives less attention from planners.  
The analysis highlights the fact that the vegetation of Delhi is not well distributed. We 
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find a high proportion of green cover in the oldest parts of the city, the Core. This can 
be attributed to the colonial history of Delhi as a densely planted area, with large 
parks and large areas of the Delhi Ridge forest. Other studies in cities as varied as 
Bangalore (Nagendra et al., 2012), Canberra (Banks and Brack 2003) and 
Christchurch (Stewart et al., 2009) have similarly found that patterns of historical 
urban development play an important role in shaping urban tree cover and 
biodiversity. The analysis also demonstrates the role of public institutions in 
maintaining large patches of green cover in the Core, as observed in other urban areas 
including in Bangalore (Nagendra et al., 2012) and Melbourne (Dobbs et al., 2013). 
The Core and Transitional zone have been able to preserve a significant proportion of 
vegetated areas due to the presence of large parks and public institutions maintained 
by the military and various State and National Government departments. Public 
institutions are rich in biodiversity and render important ecosystem services such as 
microclimate and pollution mitigation. 
Yet, despite the overall high proportion of green cover in the Core, both the Core and 
Transitional zones experience an overall decline in vegetation over time (as also 
demonstrated by Joshi et al., (2011) who describe a steady decline in vegetation cover 
around the Yamuna riverbed areas in Delhi between the years 1977-2009). In contrast, 
the Periphery demonstrates a substantial increase in vegetation between 1999-2010, 
due to plantation in the city periphery (Bajwa 2010). Other research from Indian cities 
such as Ranchi (Kumar et al., 2011) and Kolkata (Bhatta 2009) demonstrate a pattern 
of increased sprawl in the peripheral areas as the urban area expands. A similar 
explanation may account for the availability of space for plantation in the Delhi 
periphery. Urban expansion has largely taken place in areas of former agriculture in 
the periphery of Delhi, especially in the peripheral areas of MCD, leading to further 
loss of green cover. Thus, Delhi has grown in a manner similar to that of Dhaka, 
where agricultural land, vegetation, water bodies and low-lying wetland areas have 
been acquired and converted into urban land (Dewan and Yamaguchi 2009). 
Investment in the construction sector is responsible for conversion of other land uses 
to urban cover, and the differences in land prices and decreasing agricultural 
productivity tends to drive the change from agricultural to urban use (Kumar 2009). 
As a consequence of recent rapid growth in the Periphery, the low proportion of green 
cover in this zone has serious implications for sustainability of the city, which is 
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rapidly expanding at its peri-urban fringe. The farmlands, wetlands, open spaces and 
trees in the Periphery have been rapidly converted to urban built areas, driven by the 
rapid expansion of the city. The vegetated landscape of NTCD is becoming 
increasingly fragmented, as with many other Asian cities such as Shenzhen (Gong et 
al., 2013), Daqing (Yu et al., 2011) and Mumbai (Moghadam and Helbich 2013). 
Connected green networks are important as they provide enhanced ecosystem services 
compared to fragmented areas (Jim and Chen 2003). For instance, vegetation 
fragmentation in the peri-urban fringe has a serious impact on reduced wildlife 
biodiversity (Dwivedi et al., 2009). 
Yet there is some hope, with the Periphery demonstrating a recent increase in 
vegetation cover due to afforestation. A number of small urban forests and parks have 
been developed in these areas, along with the plantation of avenue trees, as part of 
compulsory afforestation measures, as well as plantation initiatives by Government 
organizations, civic groups and Resident Welfare Associations (Bajwa 2010). These 
initiatives need to be significantly strengthened by planners and administrators in 
order to protect critical urban ecosystems in the peri-urban city fringe. 
The change trajectories of Delhi vegetation show simultaneous increase as well as 
decrease in vegetation in different zones and they are the outcome of synergetic 
operation of proximate causes and underlying forces operating at different levels. At 
proximate level, encroachments, quarrying and mining in the ridge forest, expansion 
of urban infrastructure and built-up area directly cause depletion of green cover. 
These proximate causes are driven by excessive population growth, increased 
investment in the construction sector and land market operation in Delhi at underlying 
level. At proximate level, tree plantation and afforestation activity led to restoration 
and enhancement of green cover in NCTD, especially in its periphery and this is 
driven by government and public afforestation initiatives at underlying level. Practice 
of tree planting and nurturing of trees in Lutyens’ Delhi since colonial period and the 
presence of a large number of public institutions also contributed towards 
preservation and enhancement of green cover in NCTD at underlying level. Hence, 
Delhi’s greenspace is reshaped by the human activities and policies driven by real and 
perceived needs for expanded urbanization. 
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This research helps in advancing our understanding of the pattern-process relationship 
between urbanization and land cover change/fragmentation in India’s largest city. The 
study uses a combination of satellite remote sensing, GIS analysis and landscape 
fragmentation studies to assess changes in vegetation cover and fragmentation across 
a period of 25 years in the NCT of Delhi. In addition to examining net changes in 
vegetation cover, we focus on change trajectories between time periods to assess rates 
of turnover of vegetation, which are often obscured in traditional landscape 
classifications but are significant for conservation (Altamirano et al., 2013). Further 
research can illuminate the fine-scale aspects of vegetation change and fragmentation 
by adding methods such as sub-pixel analysis or through the use of very high spatial 
resolution remote sensing datasets (Wentz et al., 2014). 
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Chapter 4 
Factors influencing perceptions and use of urban 
nature: Surveys of park visitors in Delhi 
Introduction 
With increasing number of people living in urban areas, there are large scale impacts 
on the sustainability of urban systems, impacting their biophysical and ecological 
components and eventually reducing human capacity for wellbeing. Increased 
urbanization and the consequent loss of green cover has been linked to reduced 
ground water recharge (Rose and Peters 2001), degradation of water bodies (Booth 
and Jackson 1997), decreased biodiversity due to habitat loss and fragmentation 
(Khera et al., 2009; Riley et al., 2003; McKinney 2002; Wang et al., 2001), pollution 
(Vailshery et al., 2013), modification of rainfall (Shepherd et al., 2002; Huff  and 
Changnon 1972; Kaufmann et al., 2007) and urban warming (Li et al., 2011; 
Grimmond 2007; Baker et al., 2002; Saitoh et al.,1996). Urbanization also contributes 
to serious health challenges (Hoek et al., 2002; Thurston et al., 1991; Kim et al., 
2004) including increased levels of anxiety and depression (Harpham 1994). 
Urban green spaces can increase resilience and reduce vulnerabilities to urbanization. 
Vegetation in urban areas contributes positively towards ecological heath in an urban 
system. Green spaces in urban areas provide ecosystem services (Bolund and 
Hunhammar 1999) and recreational venues for diverse users (Chiesura 2004; Gobster 
1995). Family recreation promotes the overall quality of family life, and helps its 
members develop life-long skills and values (Mactavish and Schleien 1998; Pretty et 
al., 2007). People staying close to nature are able to form stronger connections to 
nature, deriving both physical and psychological health benefits (De Vries et al., 
2003; Lee and Maheswaran 2011; Nielsen and Hansen 2007; Fuller 2007; Van Den 
Berg et al., 2010). Urban green spaces facilitate social interaction and promote social 
cohesion, fostering a sense of place and belonging (Cattell et al., 2008; Maas et al., 
2009; Peters et al., 2010). 
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Various socio-demographic and environmental drivers of outdoor recreation have 
been identified by Bell et al. (2007). Proximity to recreational areas and parks is 
normally related to higher physical activity and healthier communities (Kaczynski and 
Henderson 2007) and people derive health benefit (Pretty et al., 2007). The amount, 
quality and distance to urban recreation area and green space affect citizens’ uses of 
green space to satisfy their daily recreational need (Tyrv¨ainen and Väänänen 1998; 
Van Herzele and Wiedemann 2003). Proximity to urban green spaces thus tends to 
increase housing prices (Tajima 2003; Conway et al., 2010; Morancho 2003). For the 
derived benefits received, some residents are also willing to pay for use of urban 
green spaces (Tyrv¨ainen 2001; Jim and Chen 2006a).  
Thus, there are a growing number of research is on the environmental implications of 
urbanization and the benefits of urban nature. The greatest challenge lies in managing 
them well through successful framing and implementation of environmental policies 
for sustainable urban nature, leading to augmentation of public trust in decision 
making process. Planning and management of urban nature is effective when it 
considers diversity of knowledge of the public and stakeholders; the understanding 
and consideration of the user opinion, preferences and their attitudes towards 
conservation (Martin-Lopez et al., 2007). Peoples’ perception and preferences of 
urban nature tend to vary from time to time and tend to be site specific. Hence, case 
studies are vital to bring out the local differences (Lamarque et al., 2011).  
Most of the research on the use and importance of urban green spaces has been 
conducted in North America and Europe (Matsouka and Kaplan 2008). A knowledge 
gap exists in terms of perception, provision and access to green space in Asia and 
specifically in India. This study attempts to fill this gap by understanding the 
relationship between park visitors and green spaces in the megapolis of Delhi. The 
objectives of the study are to (i) Analyze the main uses of urban parks by different 
population groups (ii) Assess the recreational importance of green spaces (iii) 
Evaluate differences in the perception of different population groups of the quality of 
nature and (iv) Analyze accessibility of green space and the relationship between 
distance to the green space and frequency of its use. 
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Materials and Methods 
Study Area  
The study sites are located in the heart of National Capital Territory of Delhi (NCTD). 
Delhi is a rapidly expanding city with high density built-up area in the city centre and 
urban sprawl towards its periphery (Paul and Nagendra 2015). Delhi has a number of 
parks and gardens, spread in about 8000 hectares in various locations all over Delhi 
(Government of Delhi n.d.). Administratively, the NCTD is divided into 9 districts, 
and 27 administrative sub-divisions or tehsils. The NCTD is administered by three 
local bodies (i) New Delhi Municipal Council (NDMC), (ii) Delhi Cantonment Board 
(DCB) and (iii) Municipal Corporation Delhi (MCD). New Delhi district has a 
population of 179,112 (Census 2011). The British architect Edwin Lutyens designed 
the capital city of New Delhi, popularly known as Lutyens’ Delhi, following a 
geometrical plan, with large open green spaces and wide roads oriented along the 
main directions of the compass (Dupont 2007). The NDMC administrative area 
corresponds to New Delhi. New Delhi is the greenest part of National Capital 
Territory of Delhi, which is now ‘an oasis of nature in the midst of a vast urban 
desert’. The large number of avenue trees, parks and bungalow gardens in Lutyens’ 
Delhi shape the ecological and cultural character of this region which ‘nestle under a 
canopy of green’ (Buch 2003). New Delhi thus represents an ideal locale for studying 
peoples’ perceptions of urban green space in a crowded, expanding city.  
Within New Delhi, four large parks (Figure 4.1) managed by four different authorities 
were selected for study. The parks are (a) Buddha Jayanti Smarak Park (BJSP), (b) 
Lodhi Garden (LG), (c) Bhuli Bhatiyari Park (BBP) and (d) Safdarjung’s Tomb (ST).  
The Buddha Jayanti Smarak park covers an area of 100 acres, and is situated in the 
western part of New Delhi district. The park forms a part of well-known Delhi ridge 
forests, containing a mix of dry thorny native scrub with planted vegetation on a 
rocky, undulating, partially flat plain with high native biodiversity (Mohan 2000). 
BJSP was created to commemorate the 2500
th 
anniversary of the enlightenment of 
Gautama Buddha. It is managed by Central Public Works Department of Government 
of India (CPWD). 
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The Lodhi Garden having an area of 90 acres is located in the southern part of New 
Delhi District. This is a 15
th
-16
th
 garden, containing a monument established by the 
Sayyids and Lodhis. The monument is protected by Archeological Survey of India 
(ASI) and the garden is maintained by New Delhi Municipal of Council (NDMC).  
Safdarjung’s Tomb has an enclosed garden around the tomb of Mirza Muqim Abul 
Mansur Khan, who was popularly known as Safadarjung. The monument and the 
garden premises are maintained by ASI. The 32 acres garden is a Persian style or 
Charbagh Garden laid out in the form of four squares with wide foot paths and water 
tanks, which have been further subdivided into smaller squares. This is a historical 
funerary garden remodeled into a public park (Sharma 2007). 
Bhuli Bhatiyari park is located on the northern part of the district and also forms a 
part of the ridge. Emperor Firuz Shah (1351-88) of the Tughlaq dynasty had built a 
hunting lodge named as Bhuli-Bhatiyari-ka-Mahal (palace). The remnants of the 
palace are protected by ASI and the park of 60 acres is maintained by Delhi 
Development Authority (DDA).  
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Figure 4.1: Study area. 
Methodology 
The respondents were randomly selected amongst visitors of the 4 parks irrespective 
of gender, education or professional background. The survey was conducted on site 
by the lead author, both in English and Hindi. Parks were visited between August and 
October 2012. 123 interviews were carried out in Buddha Jayanti Smarak park (n= 
26), Lodhi garden (n=28), Safdarjung's tomb (n=32) and Bhuli Bhatiyari park (n=37). 
A total of 9 visitors did not respond to the survey (Buddha Jayanti Smarak park=2; 
Lodhi garden=2; Safdarjung's tomb=4 and Bhuli Bhatiyari park=1). Visitors were 
approached for participation and informed that the purpose of the survey was to 
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access the environmental awareness of the visitors and their accessibility to the park. 
It took 5 to 7 minutes for the visitors to answer the questionnaire and ensured that it 
reflects their immediate experience. The surveys were conducted both on week days 
and weekends, in the mornings between 8.30 am to 10 am to collect views of morning 
walkers and evenings from 5 pm to 6 pm for other respondents. 5 visits each were 
made to Buddha Jayanti Smarak park and Lodhi garden followed by 7 visits each to 
Safdarjung's tomb and Bhuli Bhatiyari park to conduct interviews. Due to security 
concerns, interviews in Bhuli Bhatiyari park and Buddha Jayanti Smarak park were 
mostly conducted in the frequently visited areas and not in the interior parts of the 
park where visitors were fewer. 
The response formats were either open, in ranking scale or closed (dichotomous, 
multiple choices, likert scale). 21 questions gauged the visitor’s views on park’s 
accessibility, quality of the park, uses of green space, satisfaction of recreational 
needs and environmental awareness (Table 4.1). General information about the 
respondents were also collected, which includes their name, age, gender, educational 
status, means of livelihood and information about companions. For purpose of the 
study and analysis, respondents were asked questions to ascertain their environmental 
awareness. The visitors were questioned on the main uses of green space and whether 
it satisfies the daily recreational needs of the community. The visitors were quizzed 
on the quality and accessibility of the parks. Thereafter, qualitative data analysis and 
interpretation of people’s perception was carried out, which was then associated with 
the potential predictors or group dependent variable (gender, age, education, 
occupation and companion). ANOVA and T-tests (Cressie 1993) were used to 
examine the relationships between the variables.  
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Table 4.1: Green spaces and quality of urban life. 
Criterion Description Groups of questions on survey Type of response Role 
Environmental 
Awareness 
Pro – environmental 
attitude tends to shape 
ecological behaviour. 
Do you have plants at home? 
Dichotomous 
(Yes/No) 
 
To access the 
environmental 
awareness of the 
visitors. 
Do you feel the need for more 
green spaces/parks? 
Dichotomous 
(Yes/No) 
 
Do you take part in protecting 
nature? And how? 
Dichotomous 
(Yes/No) 
and  open 
What plant and animal species have 
you noticed in this park? 
Open 
Main uses of green 
space 
The use of green space 
reflects the benefits the 
visitors cherish from 
nature. 
What are the uses of green spaces? Open 
What aspects the 
visitors value most in 
green space. 
Satisfaction of daily 
recreational need 
Urban green spaces 
should be able to satisfy 
the daily recreational 
need of the visitors 
without posing any 
hindrances. 
Do you think entry fee should be 
collected from the visitors? 
If there is an entry fee, will you be 
visiting this place again? 
Dichotomous 
(Yes/No) 
Ascertain the 
willingness to pay for 
satisfaction of the 
recreational need. 
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Quality of nature 
Urban green spaces 
should approach levels of 
ecological and 
environmental quality 
desired by visitors 
What is your assessment of the 
quality of this park? 
Likert scale 
(i. Very good; 
ii. Good; 
iii. Satisfactory; 
iv. Bad; 
v. Very bad) Satisfaction level of the 
visitors with the parks 
and their preferences. 
How do you think this park can be 
improved so that more people come 
here? 
Open 
What are the changes in plants and 
animal species over time? 
Open 
Distance to the green 
space and frequency 
of use 
The green space should 
be easily accessible, i.e., 
within walking distance 
of the communities. 
How close do you stay to the park? Open 
To determine the access 
of green space. 
How often do you visit this park? Open 
How far is the closest park from 
your place of residence? Open 
How often do you visit this park? Open 
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Results 
Social Characteristics of the visitors 
Most respondents (N=123) in the survey are male (57%; n=70). Maximum (58%; 
n=71) number of respondents are between 25 to 55 years old, followed by the age 
group of above 55 years (25 %; n=31). About 77% (n=95) have received university-
level education.  Majority are employed (44%; n= 54) and 22 % (n=27) are self-
employed in business. Home makers, retired people and students account for 19 % 
(n=23), 3% (n=4) and 10% (n=12) of the visitors respectively (Table 4.2). Majority 
(54%) of the respondents visit the park with family, followed by the singles. 
 Table 4.2: Overall socio- demographic characteristics 
Socio- demographic characteristics Percentage Number 
Gender 
  
Male 57% 70 
Female 43% 53 
   
Age 
  
<25years 17% 21 
25-55years 58% 71 
>55 years 25% 31 
   
Occupation 
  
Self-employed/business 22% 27 
Service 44% 54 
Retired 3% 4 
Home maker 19% 23 
Student 10% 12 
Unemployed 2% 3 
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Education 
  
<X standard 9% 11 
XII standard 14% 17 
Graduates 56% 69 
Post graduates 21% 26 
   
Companion 
  
Alone 25% 31 
Family 54% 66 
Friends 21% 26 
 
Environmental awareness of the users 
Environmental awareness is a dynamic process aimed at augmenting our knowledge 
and understanding of the environment (Rego and Muthoka 2005). Emotional 
involvement of individuals tends to shape environmental awareness and attitude 
(Kollmuss and Agyeman 2002). A positive attitude of the respondents towards green 
spaces was found in all the parks. The Visitors were asked whether they had ‘plants at 
home’. About 57% of the visitors have plants at home. More than 95% respondents 
felt that there is “need for more green spaces/parks”. The environmental awareness 
and perception is also reflected in the level of participation in conserving nature. More 
than 63% of the respondents ‘took part in protecting nature’. They do it either by 
planting and nurturing trees at home or in the parks (43%), as a part of school/college 
curriculum (11%), making people aware of the usefulness of the green spaces (11%), 
asking people not to harm trees (13%), by being a member of some green groups or 
by making monetary contribution towards protection and maintenance of the 
garden/parks (10%) and by not littering and segregating wastes, recycling, detain 
from using polyethylene carry bags (12%). Even though the visitors were not asked as 
to why they don’t take part in conservation of nature, still 16% of the visitors 
spontaneously cited ‘lack of time’ as a reason for not taking part in nature 
conservation. Amongst all age groups, a significant proportion (p=0.004) of the 
younger (>25 years) visitors took part in nature conservation as a part of school 
curriculum.  
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Knowledge of plants and animal species were related to socio-demographic factors. 
More than 30% of the visitors to the parks could not identify any plant species, while 
21% of the visitors could not name any animal species in the park (Figure 4.2). It was 
also seen that 17% and 27% visitors could name at least 2 plant and animal species 
respectively. No significant correlation was found between the number of identified 
plant species and daily visitors, gender, education or visitors having plants at home. 
The average number of species identified by graduates and undergraduates is 3.5, but 
the post graduates tend to identify a slightly higher number (4.3) of species in the 
parks. The visitors taking part in protection of nature tend to identify more number of 
species in the park (p<0.005).  
The neem tree (Azadirachta indica) and sacred peepal tree (Ficus religiosa) are the 
most frequently named plants and peacock (Pavocristatus) and dogs (Canis lupus 
familiaris) are the frequently identified plant and animal species (Table 4.3). 
 
Figure 4.2: Number of plant and animal species identified by the visitors.  
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Table 4.3: Most frequently identified plant and animal species in the parks by the 
visitors. 
Flora Fauna 
Neem (Azadirachta indica) 44 (33%) Peacock (Pavo cristatus) 
 
31 (17%) 
Peepal (Ficus religiosa) 17 (13%) Dogs (Canis lupus familiaris) 25 (14%) 
Keekar (Prosopis juliflora ) 16 (12%) Swan (Cygnus atratus) 24 (13%) 
Jamun (Syzygium cumini) 15 (11%) Crow (Corvus splendens) 20 (11%) 
Palm (Arecaceae sp) 11 (8%) Parrot (Psittacula krameri) 20 (11%) 
Ashoka (Saraca asoca) 7 (5%) Squirrel (Funambulus palmarum)  18 (10%) 
Mango (Mangifera indica) 6 (5%) 
Pigeons  
(Columba livia domestica) 
14 (8%) 
Amla (Phyllanthus emblica) 6 (5%) Butterflies (Rhopalocera)  12 (7%) 
 
Main uses of green space as ascertained by different population groups. 
The analysis of the peoples’ perception of the uses of green spaces reflects their 
demands and needs/expectations from green spaces. The respondents were asked 
about the uses of green space. The visitors’ responses were varied. They are 
categorized into 5 groups to give us a better understanding of how people value the 
urban green spaces. The first group, ‘social and recreational benefits’ comprises of 
benefits like ‘recreation’, ‘aesthetics’, ‘social bonding’ and ‘meeting friends’. ‘Mental 
peace’, ‘spiritual benefit’, ‘connect to nature’, ‘relaxation’, ‘good for eyes’, 
‘longevity’ and ‘health benefits’ constitute the second category of ‘psychological and 
health benefits’. ‘Protection of the environment’ ‘oxygen generation’,’ pollution 
control’, ‘reduction of global warming’, ‘fresh air and breeze’, ‘shade’ and ‘cooling’ 
have been grouped together to form the third category, ‘environmental benefits’. The 
fourth group includes ‘biodiversity benefits’. While the fifth category, ‘other benefits’ 
comprises of ‘economic benefits’, ‘furniture’, ‘fruits’ and ‘environmental education’. 
About 87% respondents say that ‘environmental benefits’ constitute the main use of 
urban green spaces, followed by ‘psychological and health benefits’(68%) and about 
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45% and 13% state that green spaces are important for ‘social and recreational’ 
purposes and ‘biodiversity benefits’ respectively (Figure 4.3). 
Figure 4.3: Uses of green space. 
Green space use and age differences. 
There is considerable variation in the perception of green space use between the age 
groups (Table 4.4). The older visitors (> 55 years) values green spaces more for the 
‘environmental benefits’ (p<0.05) than the younger visitors. The younger (<25 years) 
visitors (33%) are less aware of the ‘psychological and health benefits’ (P=0.0005) 
than the other two age groups. But, the younger (< 25 years) visitors are more aware 
of the ‘other benefits ‘of green space use than the rest of the two age groups. 
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Table 4.4: Uses of green space by age groups and ANOVA. 
Green space use 
<25 years 
(n=21) 
25 to 55  years 
(n=71) 
> 55 years 
(n=31) 
p value 
(significance) 
Social and 
recreational benefits 
43% (9) 45% (32) 45% (14) 0.98 
Environmental 
benefits 
86% (18) 83% (59) 97% (30) 0.02* 
Psychological and 
health benefits 
33% (7) 76% (54) 74% (23) 0.0005** 
Biodiversity benefits 24% (5) 13% (9) 6% (2) 0.19 
Other benefits 24% (5) 8% (6) 3% (1) 0.04* 
*p< 0.05; ** p< 0.01 
 
Satisfaction of daily recreation need. 
The parks tend to provide recreational and leisure opportunities for urban 
communities. About 45% respondents are aware of the social and recreational benefits 
of the park (Figure 4.3). In Delhi, park entry is usually free for visitors, except for 
those parks maintained by Archaeological Survey of India (ASI). The visitors were 
asked about their ‘willingness to pay’ for park visits. About 51% of the respondents 
supported entry fee. There is a significant variation in the willingness to pay for the 
park use amongst the visitors based on the frequency of use (p=0.005). Majority (69 
%) of the “daily visitors” do not support entry fee for the parks. A larger proportion 
(57%, n=12) of respondents of younger age groups are willing to pay for the green 
space as compared to older respondents, but this difference is not significant (Table 
4.5). However, a lesser proportion (62%, n=13) of young respondents are willing to 
visit the park again, if there is an entry fee. Respondents’ willingness to pay for the 
park ceases with the deterioration of park quality (p<0.05). Respondents state that 
they will not pay entry fees to visit the park if the quality is poor (p<0.005). 
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Table 4.5: Willingness to pay amongst different age groups. 
Quality of nature 
The perception of quality of nature also varies according to the frequency of visits. 
The respondents were asked the question “What is your assessment of the quality of 
this park?” About 49% male and 38% female respondents find the quality of the park 
to be good (Figure 4.4). A significant proportion (65%) of first time visitors consider 
the parks to be good (p=0.02). The respondents were then asked “How do you think 
this park can be improved so that more people come here?” About 33% respondents 
want biodiversity improvements in the park, including an increase in the number of 
trees, flowering plants, and more birds. Majority (66%) of the respondents would like 
infrastructural improvements, ranging from better security and accessibility, to the 
provision of separate play areas for children and increased advertisement of the park. 
26% of the visitors, who consider the park to be very good do not suggest any further 
improvements (p<0.001). Not much variation in the responses of the visitors of 
different age groups is observed. The respondents were also asked, “What are the 
changes in plants and animal species over time?” and the observed changes in the 
park show that large (41%; n=50) proportion of visitors did not notice any change 
(Table 4.6). It is mainly because a large percentage of the visitors are first timers to 
the parks and hence they did not observe any changes in the park. But rest of the 
visitors noticed increase in flora (35%) and better maintenance (20%). The improved 
flora and maintenance have an overall influence on the satisfaction of park quality. 
The visitors tend to rate the park as ‘very good’ (p< 0.001) when its maintenance 
improved over the past years. On the contrary, even though an insignificant number, 
the increase in flora did not translate into an increased satisfaction with the quality of 
the park. 
Age groups Yes No 
< 25 years 57% (12) 43% (9) 
25-55years 52% (37) 48% (34) 
> 55 years 45% (14) 55% (7) 
p 0.68 0.68 
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Figure 4.4: Quality of park according to the visitors. 
Table 4.6: Observed changes in the park and the park quality. 
Observed 
changes in park 
Very 
good 
(n=41) 
Good 
(n=54) 
Satisfactory 
(n=26) 
Bad 
(n=2) 
Total 
change 
ANOVA 
p-value 
No change 15% (6) 17% (9) 15% (4) 0% (0) 15% (19) 0.93 
Improved flora 44% (18) 22% (12) 42% (11) 100% (2) 35% (43) 1 
Improved fauna 7% (3) 0% (0) 0% (0) 0% (0) 2% (2) 0.105 
Decrease in fauna 2% (1) 2% (1) 0% (0) 0% (0) 2% (2) 0.989 
Well maintained 46% (19) 6% (3) 8% (2) 0% (0) 20% (24) <0.001* 
Not well 
maintained 
0% (0) 0% (0) 4% (1) 0% (0) 1% (1) 0.294 
First timers/ not 
noticed 
17% (7) 59% (32) 42% (11) 0% (0) 50% (41) 0.0002* 
*p< 0.05, **p< 0.005 
   
 
 
 
 
34% 
49% 
17% 
32% 
38% 
26% 
4% 
0% 10% 20% 30% 40% 50% 60%
Very good (41)
Good (54)
Satisfactory (26)
Bad (2)
% respondents 
Q
u
a
l
i
t
y
 
o
f
 
p
a
r
k
 
Female
Male
88 
 
Distance to green space and frequency of use 
 The number of visitors to the surveyed park tends to increase with the distance from 
the parks. Only 7% of the visitors in the surveyed parks come from a distance of 
<0.5km, while 33% of the visitors travel beyond 10 km to visit the park. 
About 24% of the respondents visit these parks daily, while 28% are first time 
visitors. Majority (63%) of the daily users resides within 0.5 km of the surveyed 
parks, and only 10% live beyond a distance of 10 km from the parks. 
Only 19% of the users have a neighbourhood park within 0.5 km of their residence 
and 39% respondents have a park 0.5 to 1 km from their residence. Half of the visitors 
have the nearest park within 0.5km of their residence, while for 20% of the daily users 
of the surveyed parks, the nearest park is located beyond 5 km (Figure 4.5). Thus we 
find that even though the nearest park is easily accessible (< 0.5 km) to most visitors, 
their preference is for visiting the surveyed parks, possibly because these represent 
large, well maintained and attractive green spaces.  
Relationship between frequency of use and distance 
The proportion of the daily visitors to the surveyed parks tends to decrease as the 
distance to the park increases (Figure 4.6). A majority (63%) of the respondents 
staying within 0.5 km of the park visit the park daily (p<0.01) while this proportion 
decreases to 10%, for those who cover more than 10 km daily. There is also 
significant variation in the frequency of visits and distance to the surveyed parks. The 
large proportion (50%) of first time visitors (p<0.001) tend to travel longer distances 
(> 10 km) to visit the park than the rest of the visitors. The visitors tend to travel 5 to 
10 km on holidays (p< 0.05) to visit surveyed parks. This is again probably because 
the surveyed parks are larger than the neighbourhood parks and more attractive.   
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Figure 4.5: Relation between the frequency of visits and distance to the nearest  
park. 
 
Figure 4.6: Relation between the frequency of visits and distance to the surveyed 
park. 
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Discussion 
Visitor characteristics 
It is very important to understand the socio-demographic characteristics of visitors to 
the park because personal characteristics, companion, work and living situations tend 
to determine recreation activity response (Roovers et al., 2002). Lesser proportion of 
women visitors visit the park than the men; which is probably because women 
perceive more constraints to outdoor recreation participation like personal safety 
concerns, inadequate facilities and information (Johnson et al., 2001) than men. 
Majority of the respondents attained university level education, which is in 
conformity with the study by Roovers et al., (2002). Majority of the visitors are 
employed, are from the age group of 25 years to 55years and they probably visit the 
park to relax and escape the stressful and polluted Delhi city life. A lesser proportion 
of visitors are from the age group of >55 years. It has been observed in a study by 
Bolen et al., (2000) that 60% of the individuals who are above and equal to 55 years 
of age do not engage in any physical activity. The visitors are mostly accompanied by 
family members as park visits offers opportunities for a family to grow together and 
maintain cohesiveness (Lee et al., 2008). Singles are reasonably well represented in 
the study, confirming with the study by Roovers et al., (2002). 
Environmental awareness of the users 
The association of attitudes and behavior has led to interest in environmental attitudes 
as predictors of environmentally based actions and participation decisions (Kotchen 
and Reiling 2000).Pro-environmental attitude is a powerful predictor of ecological 
behavior (Kaiser et al., 1999). Pro-environmental attitudes tend to be related with 
resilient faith on honest intentions for species protection (Kotchen and Reiling 2000). 
It was observed that the visitors took part in protection of nature. Most of the 
respondents indicate that they were motivated to do so because of environmental 
education components in their school educational curriculum. In India, environmental 
education was introduced as compulsory school subject in 2003. Following this, 
various programs are held in the schools to impart environmental education to 
students, like trees are planted and nurtured in the school and within the premises of 
houses (Sonowal 2009). Hence we find that a significant number of young adults 
attribute their participation in nature conservation to the school curriculum. A study 
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by Kudryavtsev et al., (2012) in Bronx, New York shows that the environmental 
education enhances environmental stewardship in urban communities. Lack of time is 
a main hindrance for not taking apart in conservation of nature in cities, as 
corroborated in studies by Mowen and Confer (2003). The respondents were able to 
identify more number of animals than plant species in the parks, as also observed in 
Singapore (Briffett et al., 2004), where the interviewees’ knowledge of plants was 
less than their knowledge of animal species. The people taking part in protection of 
nature tend to identify more number of species, as observed in Singapore (Briffett et 
al., 2004), with members of nature societies tending to identify a greater number of 
species. The poor knowledge of the plants and animals of most visitors can be 
attributed to their limited encounter with nature and learning opportunities in the 
urban concrete built environment, which have eventually led to detachment and 
insensitiveness to the natural surroundings (Jim and Chen 2006a).  
Main uses of green spaces as ascertained by different population groups 
Studies carried out by Swamy and Devy (2010) in Bengaluru show that large urban 
heritage parks are much valued for their environmental benefits like ‘regulation of 
noise and temperature’ and ‘fresh air and breeze’. A similar pattern of responses can 
also be observed in our study. ‘Recreation’, ‘aesthetics’ and’ ‘socializing’ together 
appear more valued by the respondents in Bengaluru, while in Delhi it is observed 
that a much larger proportion of visitors appreciate green space for ‘Psychological and 
health benefits’. This can be related to the severe levels of air pollution in Delhi, 
which represents itself as Delhi being one of the world’s most polluted cities 
(Guttikunda and Calori 2013).  
The uses of green spaces are not perceived similarly by all individuals in a population. 
Perceptions tend to vary with socio-economic and demographic factors as shown by 
different studies (Schipperjin et al., 2010; Crow et al., 2006). In Guangzhou, China, 
women are more reluctant to participate in outdoor recreation than men (Jim and Shan 
2013). In Delhi, given the overall insecurity of women’s safety in public places, 
women do not access green spaces as much as men. Women tend to value green 
spaces for passive recreational activities such as socializing (Björk et al., 2008). It is 
evident that social interaction contributes to better social cohesion (Maloutas and 
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Pantelidou Malouta 2004). Parks also serve as refuges for visitors wanting to escape 
the stress of the city (Bishop et al., 2001; Chiesura 2004). 
Priego et al., (2008) study of 3 countries reveals that people with different social – 
cultural back ground use and perceive the urban landscape in different ways. Age, 
gender, education level, income, retirement status, residential neighbourhood and 
length of stay tend to influence peoples’ perception (Tyrväinen and Mäkinen 2004; 
Crow et al., 2006; Lo and Jim 2012; Chiesura 2004; Qureshi et al., 2013). Varied 
response to nature has also been noted between communities varying in race or class 
(Crow et al., 2006; Pincetl and Gearin 2005). However, Qureshi et al., (2013), study 
in Karachi found no impact of age group or gender on the behavioural pattern of 
respondents. 
Satisfaction of daily recreation need 
Only 45% of the respondents mentioned the importance of green spaces for social and 
recreational uses. Super markets and shopping malls are preferred places of recreation 
for middleclass families in India (Lakha 1999), rather than visiting urban green 
spaces. This is also corroborated by Qureshi et al., (2013) in Pakistan. Pro-
environmental attitudes can be reflected in willingness to pay (Kotchen and Reiling 
2000). Yet, people are divided over their willingness to pay entry fee. A fraction of 
the respondents feels that it is the state’s duty to provide free accessible green space to 
its citizens. Some respondents indicate that they are willing to pay if entry fee can 
ensure good quality and security, as found in other studies (Lorenzo et al., 2000). We 
find that the majority of daily visitors are not willing to pay for the use. The frequency 
of visits is negatively associated with willingness to pay. It contradicts the findings in 
Hong Kong (Lo and Jim 2012) and Joensuu, Finland (Tyrväinen and Väänänen 1998). 
The younger respondents are willing to pay compared to older groups, as also 
observed in Hong Kong (Lo and Jim 2012). In contrast, Lorenzo et al., (2000) 
findings in Mandeville, does not support a signification association of willingness to 
pay with the age and level of education. 
Quality of nature 
The majority of the visitors are happy with the quality of the park. There is clear 
preference for safety, cleanliness and maintenance in the parks, as found in other 
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studies like in Los Angeles (Gearin and Kahle 2006). Concerns about safety have 
been voiced by urban residents in Los Angeles (Gearin and Kahle 2006) and Hong 
Kong (Lo and Jim 2012). Increased maintenance tends to increase the preference and 
sense of safety (Kuo et al., 1998). Visitors prefer promotion and advertisement for 
parks in order to enhance their use by the public. A study by Scott and Jackson (1996) 
in Cleveland, Ohio confirmed that improved promotion encourages park use.  
Distance to green space and frequency of use 
Access to green spaces in urban areas is important because it contributes to improved 
human health and wellbeing (Sotoudhenia and Comber 2010) and is also a key 
planning and management issue (Allison 1992). Only 19% have access to green 
spaces within a distance of 500m. This confirms that the accessibility of green space 
is very low in Delhi, in comparison to other countries, where distance to green spaces 
is relatively lower (Schipperjin et al., 2010; Barbosa et al., 2007). The number of 
daily visitors tends to decrease with the increase in distance to the park, corroborated 
in studies in Denmark (Schipperjin et al., 2010) and Belgium (Roovers et al., 2002). 
Mowen and Confer (2003) stated that shorter distances are critical for establishing a 
stronger user base. Yet distance is not the only factor influencing use of green space. 
We find that the proportion of visitors increases with distance. It is more to do with 
the attractiveness of the large park. This confirms studies in Perth (Giles-Corti et al. 
2005) and Bengaluru (Swamy and Devy 2010) that the access to large attractive green 
spaces is associated with higher level of walking, and distance alone is not a deterrent. 
Interestingly, Schipperijn et al., (2010 b) in their study of Danish city of Odense, 
showed that almost half of the residents did not use their nearest green space the most, 
but their possession of dogs significantly increases the frequency of use of the nearest 
urban green space. 
Conclusion 
This survey of park visitors in the megalopolis of Delhi aims to understand 
perceptions of and expectations from nature in urban communities living in a crowded 
Indian city. This study adds to information that can help in better design of parks in 
response to peoples’ expectations in Delhi. It also contributes to the rather limited 
information on peoples’ perceptions and needs from urban green spaces in cities in 
the global South, in contrast to the relatively greater information available from cities 
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in Europe and Northern America (e.g. Chiesura 2004; Priego et al., 2008; Schipperijn 
et al., 2010), and adds to a small, but steadily growing database of studies from Asia 
(e.g. Devy and Swamy 2010; Qureshi et al., 2013; Jim and Shan 2013).  
In the stressful and polluted city life of Delhi, the visitors values urban green spaces 
most for the ‘environmental benefits’ and the older adults specially tend to appreciate 
the ‘psychological and health benefits’ of urban green space. Even though visits to 
urban parks are not a preferred recreation option, the majority of visitors are willing to 
pay for access to parks, but only if such payment results in improvements in quality 
and security to the visitors. There is a clear preference for safety and maintenance in 
the parks. 
We also find that the accessibility of green space is very low in Delhi compared to 
other cities. Large parks tend to attract more number of visitors from further distance, 
despite their having small neighbourhood parks in the vicinity of their homes. Safety 
represents a constraint on the use of parks, particularly in the interior areas of these 
large parks, for women and families. An increased focus on security will help 
residents to access in larger numbers without compromising their personal safety. 
Such measures will be likely to increase the uses of green space by a diverse mix of 
gender and age groups. 
Public perceptions of green spaces in Delhi throw up an interesting mix of 
requirements, with an increased focus on the aesthetic and the environmental benefits, 
in preference to biodiversity. This study has policy implications for planners and 
urban designers, as well as for environmental organizations. My study shows 
contradictory nature of the respondents, where the pro-environmental attitude is 
expressed by the presence of ‘plants at home’, taking part in ‘conservation of nature’ 
and their awareness for ‘need for more parks/green spaces’, yet having very poor 
understanding of biodiversity. There is a large gap in the public understanding of 
biodiversity in Delhi’s parks, with the result that one out of three visitors cannot name 
a single plant species (even to the genus level), while one out of four visitors were 
unable to name a single common animal or insect that they had observed in the park. 
Further surveys are required to understand and take into account the opinion of 
visitors, capture the views of diverse age, gender and ethnic-cultural groups in the 
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planning and designing of urban parks and green spaces. This will ensure effective 
plans and designs capable of satisfying the needs of the urban community. 
Given the rapid urbanization currently underway in India, concomitant with the 
disappearance of trees, wetlands and green spaces, access to parks provides an 
increasingly rare opportunity for exposure to nature for many Indian urbanites. This 
study aims to contribute to an increased focus on the importance of green spaces in 
the urban context in India, where the current focus on smart cities (Government of 
India 2014) threatens to obscure the importance of low-technology options for 
improving urban resilience and wellbeing through a renewed focus on urban green 
spaces.  
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Chapter 5 
Communication networks and performance of four 
New Delhi city parks 
Introduction 
Parks as elements of the cityscape provide numerous benefits ranging from passive 
and active recreational venues, environmental benefits and habitat for flora and fauna 
(Solecki and Welch 1995). Social safety, sociability and nature make urban parks 
more attractive and safe for children (Lloyd et al., 2008). Neighbourhood parks are 
important for promoting physical activity amongst children and adults (Tucker et al., 
2007).  
Urban parks need to be maintained well and made accessible to the general public for 
their well-being. There should be distributional equity and easy accessibility, 
attributes that are recognized as essential indicators of a well-functioning urban 
system (Schroeder and Daniel 1982; Nicholls 2001). Safety, aesthetics, amenities, 
maintenance, shade, cleanness and proximity are key factors encouraging park use 
(Tucker et al., 2007). The appreciation of scenic beauty by the visitors is an indirect 
indicator of good management (Wong and Domroes 2005). The success of a park 
agency is dependent upon the quality of the visitors’ experiences (Hamilton et al., 
1991). Thus the managers of urban parks are primarily responsible for providing 
attractive outdoor recreation resources for city residents. 
In India, parks are usually public owned and managed by different public institutions, 
sometimes with community participation in management. There is a need to 
understand the governance structure and functioning of different park management 
and relate them to the condition and performance of the park. This will enable the 
administrators to have consistent information on the quality and function of the parks 
while formulation of environmental policies and plans for a city and establishing 
funding priorities.  
Social Network Analysis (SNA) can provide a suitable approach for such studies. 
SNA involves mapping, modelling and measuring the relationships among suitable 
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defined players (Wasserman and Faust 1994). Network structure is important for 
understanding the functioning of the whole group and seeing how the behaviour of 
individual players depends on the group context. 
In recent years, an increasing number of studies have effectively used SNA in the 
study of natural resource management (Ernstson et al., 2008; Sandström and Rova 
2009; Prell et al., 2009; Newig et al., 2010; Swamy and Devy 2014). Carlsson and 
Sandström (2007) presented an analytical framework for network study of co-
management of natural resources. Bodin and Crona (2009) in their review of 
empirically-based literature, showed that the social networks approach has immense 
possibility in allowing studies of various cross-scale connections and is significant in 
investigating natural resource governance practices. They also used SNA for 
communication of knowledge and information related to natural resource extraction in 
Kenya. In this study, the goal is to use SNA in measuring the interaction structure 
among park keepers in Delhi, offering a comparative view on governance and 
management across multiple parks.  
This study aims at creating the communication networks for four New Delhi parks, 
quantifying their structure by SNA and looking for the relationships between 
network-independent park attributes and network properties. 
Methods 
Study Area 
The study sites are located in the New Delhi District of National Capital Territory of 
Delhi (NCTD). The New Delhi district lies in the centre of NCTD. Delhi has a 
number of parks and gardens spread across about 8000 ha.  
Within New Delhi, four large parks were selected for this study, managed by four 
different authorities: Buddha Jayanti Smarak park, Lodhi garden, Bhuli Bhatiyari park 
and Safdarjung’s tomb (Plate 1).  
The Buddha Jayanti Smarak Park (BJSP) covers an area of 100 acres, and is situated 
in the western part of the New Delhi district. The park forms a part of the well-known 
Delhi Ridge Forests, containing a mix of dry thorny native scrub with planted 
vegetation on a rocky undulating, partially flat plain with high native biodiversity, 
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located within Delhi city. BJSP is managed by Central Public Works Department of 
Government of India (CPWD). There are 30 permanent gardeners, about 30 
temporary workers and 7 security guards. The major problem reported by park staff is 
the lack of availability of water for gardening, especially during the summer, as also 
evident from the presence of dry tanks within the park. The gardeners however 
express trust that administrators will find a solution to the problem of water scarcity 
(Plate 1a). 
The Lodhi Garden (LG), having an area of 90 acres, is located in the southern part of 
New Delhi district. The garden is maintained by New Delhi Municipal of Council 
(NDMC). The park is very well maintained and harbors about 200 species of trees. 
The park employs 85 gardeners and 7 private security guards. Most visitors, as well as 
park staff are very satisfied with the quality of the park. Some minor problems 
mentioned are the insufficiency of water for plants, littering by visitors and incursions 
by street dogs (Plate1b). 
Bhuli Bhatiyari Park (BBP) is located on the northern part of the district and also 
forms a part of the ridge. The 60 acre park is maintained by Delhi Development 
Authority (DDA). Out of 60 acres, 28 acres are under maintenance in the park by 10 
permanent gardeners. The park has a large number of trees that have been planted in 
compensatory plantation initiatives, leading to overcrowding of trees. The park is not 
well maintained, with leaf litter and animal droppings strewn around. The park faces 
problem of lack of water for the plants. The staff size is insufficient for monitoring, 
personnel are old and unable to traverse the park, leading to an unsafe condition and 
presence of anti-social activity within the park premises (Plate 1 c). 
Safdarjung’s Tomb (ST) is a garden of 32 acres, laid out in the form of four squares 
with wide foot paths and water tanks, which have been further subdivided into smaller 
squares. This is a historical funerary garden remodeled into a public park. There are 
11 gardeners and 19 security guards working here. The park is well laid out with 
neatly pruned and widely spaced trees, yet all parts are not equally maintained. Lack 
of sufficient personnel has led to less visited areas of the park becoming somewhat 
messy, with dried leaf branches and leaf litter found on the paths. The park is 
impacted by water scarcity, yet very few gardeners seem to be concerned by this 
(Plate1d). 
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Plate 1: The four parks under study: (a) Buddha Jayanti Smarak park, (b) Lodhi Garden, (c) Bhuli Bhatiyari park and (d) Safdarjung's 
Tomb. 
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Data collection 
Social network data describing the communication interactions among the park 
keepers have been collected on the basis of personal face to face interviews, in the 
month of April to August 2013.  A total of 53 park keepers were interviewed (12 in 
BJSP, 21 in LG, 7 in BBP and 137 in ST). The questionnaire (see annexure) contains 
questions regarding the respondent’s personal information, their involvement in the 
park and about their contacts.  
In order to access their satisfaction and knowledge about the park, the visitors of the 
parks were also quizzed. The respondents were randomly selected amongst visitors 
irrespective of gender, education or professional background. A total of 123 
interviews were carried out (26 in BJSP, 28 in LG, 37 in BBP and 32 in ST). 9 
visitors did not respond to the survey (2 in BJSP, 2 in LG, 1 in BBP and 4 in ST).  
Visitors and the park keepers were approached for participation and were informed 
that the purpose of survey was to make a comparative study of the functioning and 
condition of the four selected parks. It took 5 to 7 minutes for the visitors and park 
keepers to answer the questionnaire and ensured that it reflected their immediate 
experience. The surveys of the visitors were conducted both on week days and 
weekends, in the mornings between 8.30 am to 10 am to collect views of the morning 
walkers and evenings from 5 pm to 6 pm for the other respondents. The park keepers 
were interviewed on week days.  
Data Analysis 
The data on the report or relation has been compiled in an adjacency matrix, where 
each respondent in the network has one cell. The second matrix is of attribute data. In 
this one interviewee has a cell corresponding to one attribute. Social network data 
matrices were analyzed using the standardly used software programmes by Ucinet 
(Borgatti et al., 2002) and the CoSBiLab Graph (Valentini and Jordán 2010). The 
qualitative and quantitative data from the interviews were summarized and 
subsequently coded. Both the numerical approach and the graphic display are 
effective way of describing a social structure. The graphic display of the social 
network of the park keepers is also called socio-grams. It is visualised by the Netdraw 
software (Borgatti et al., 2002), here the points (nodes) represent the actors and their 
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pattern of reporting is displayed by lines (or edges). We used three macroscopic 
(global) measurements of network structure. 
Centre of gravity (CG) shows how “tall” or “flat” a hierarchy is. In a directed 
hierarchy, sources are at the bottom of the network (like producers in a food web) and 
sinks are at the top (like top-predators in a food web). CG determines how long the 
distance is, between the source level and the middle of the network. In a “flat” 
network, the CG is low, the hierarchy is wide and not tall (Figure 5.1 b). In a “tall” 
network, the CG is high, the hierarchy is narrow and not flat (Figure 5. 1 a). 
 
Figure 5.1: Networks with (a) High center of gravity; (b) Low center of gravity. 
The status measure of Harary quantifies the relative power (prestige) of individuals in 
the hierarchy. High status means more important network position and the largest 
status (maxS) shows how important (influential) is the most important person. 
 
Figure 5.2: Networks with (a) High compactness value; (b) Low compactness value. 
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Compactness quantifies how close the nodes of the network are to each other and how 
tightly the network is linked (Figure 5.2). The minimal value, zero, means isolated 
nodes with no interaction and the maximal values, one means a complete graph where 
each pair of nodes are connected. This is a measure for undirected networks, where 
the direction of the hierarchy not considered here. 
Results and Discussion 
From the network indices, it is observed that the Bhuli Bhatiyari park has the smallest 
network with 8 nodes and 7 links, while Lodhi Garden has the largest network 
consisting of 22 Nodes and 36 links (Table 5.1, Figure 5.3). 
In terms of CG, Lodhi Garden (0.15), followed by Buddha Jayanti Smarak park (0.18) 
have the low CG, indicating a flat network. On the other hand, Bhuli Bhatiyari park 
has high (0.25) CG denoting a tall network. 
In Lodhi Garden, Max S is highest (11), signifying the importance of the most 
important person in the network and Max S in Safdarjung’s Tomb (3) is the lowest 
among the 4 parks.  
In general, all the parks have low compactness. Still amongst the 4 parks, 
Safdarjang’s Tomb (0.06) has the lowest compactness, followed by Lodhi Garden 
(0.08). Buddha Jayanti Smarak park has the highest compactness value amongst the 4 
parks. 
The park keepers were questioned about their satisfaction regarding the park (Table 
5.2).  It has been observed that the park keepers of Lodhi Garden are highly (4) 
satisfied with the quality of the park, whereas Bhuli Bhatiyari park keepers’ average 
satisfaction with the quality of the park is least among the 4 parks. 
The park keepers were also asked about the problems of the parks. The average 
number of problems cited by the keepers of Safdarjung’s Tomb is higher (5) than the 
rest. On the other hand the average problems faced by park keepers are relatively less 
in Buddha Jayanti Smarak park. 
The visitors to each of the parks were asked about the improvements they would want 
to see in the park. The visitors to Bhuli Bhatiyai park tend to have a higher average of 
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expected improvements in the park in comparison to the other 3 parks. The average 
expectation of visitors is lowest in Lodhi Garden. Visitors to Buddha Jayanti Smarak 
park could identify an average higher (4.5) number of species than the visitors to the 
rest of the parks. 
Table 5.1:  Network indices of parks. 
 
                                            Network Indices 
Parks Nodes Links CG MaxS Compactness 
Bhuli Bhatiyari park 8 7 0.25 6 0.11 
Buddha Jayanti Smarak park 13 21 0.18 4 0.13 
Safdarjung's Tomb 15 13 0.2 3 0.06 
Lodhi Garden 22 36 0.15 11 0.08 
 
Table 5.2: Performance indicators of parks. 
Parks 
             Park keepers                  Park visitors  
Average 
satisfaction 
 
Average 
problems 
 
Average 
expected 
improvements 
Average 
number of 
Species 
identified 
 
Bhuli Bhatiyari  park 
 
2.57 
 
3.67 
 
3.84 4  
Buddha Jayanti  
Smarak park 
3.25 3 3.11 4.5  
Safdarjung's Tomb 3.62 5 2.71 3  
Lodhi Garden 4 3.67 2.14 2.5  
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Figure 5.3: The organization chart of the four parks under study: (a) Bhuli Bhatiyari park, (b) Buddha Jayanti Smarak park, (c) 
Safdarjung's Tomb and (d) Lodhi Garden. Arrows point at higher officials in the hierarchy. 
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Figure 5.4: Relation between Center of Gravity (CG) and average satisfaction of the 
park keepers. 
We have found simple and clear relationships between the structure of social 
networks and the performance of parks. 
If the social network has a larger CG value, the average satisfaction by the park 
keepers is lower (Figure.5.4). This means a larger distance and poorer communication 
between the lower-level (workers) and higher-level (leaders) individuals. One reason 
for satisfaction seems to be a flat and wide hierarchy (small CG), where workers feel 
like being closer to decision-makers. The lower CG of Lodhi Garden is associated 
with higher average satisfaction of the park keepers, while for Bhuli Bhatiyari park, 
high CG is associated with lower average satisfaction. It has been observed that the 
managers of Lodhi garden interact with the park gardeners and security personnel on 
a regular basis indicating better communication. In Bhuli Bhatiyari park, managers 
seldom visit the parks, hence poorer communication is seen between workers and 
higher level managers. Timely and smooth flow of communication is a vital feature of 
a strong relationship.  It works through development of trust by support in solving 
disagreements and in lining up views, opinions and anticipations (Morgan and Hunt 
1994; Moorman et al., 1993). Hence intense interaction and mutual communication in 
a network having low CG, leads to higher satisfaction of the park keepers.  
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Figure 5.5: Relation between Center of Gravity (CG) and average expected 
improvements by the park visitors. 
On the other side, Figure 5.5 shows that higher CG results in higher average expected 
improvements by visitors. It is observed that the condition of Bhuli Bhatiyari park is 
not very good in terms of maintenance and security and visitors expect more 
improvement of the park. On the contrary, Lodhi Garden is better maintained than rest 
of the parks and hence visitors’ expectations for park improvements are less. There 
are two possible reasons for this: Firstly, Lodhi Garden’s network has low CG 
signifying that the flow of information is faster in Lodhi Garden. This enables the 
manager to disseminate new ideas, information and knowledge and hence supervise 
the workers in a better way. Being closer to the higher authority leads to development 
of trust and loyalty which in turn leads to better performance by the workers as 
envisaged through good maintenance of the park. On the other hand, in Bhuli 
Bhatiyari park, distance between subordinates and supervisor is longer, which leads to 
impeded flow of information and ideas resulting in weak management and subsequent 
poor maintenance of the park. Secondly, Lodhi Garden being a more participatory 
organization tends to have lower CG. In a participatory organization, there is active 
participation of the workers and officials keep their members well informed, 
especially on a local level where most people may know one another and the 
organization is able to meet the needs and preferences of the users (Cnaan 1991). On 
the other hand Bhuli Bhatiyari park being less participatory in nature, tends to have 
107 
 
higher CG. Lesser participation within the park management is reflected through 
dearth of man power, inactive and ageing staff, thereby failing in maintenance of the 
park. Hence, this raises the visitors’ expectations for further improvement of the park.  
 
Figure 5.6: Relation between Max S and average expected improvements by the park 
keepers. 
In concert with CG, maxS also correlates with higher average expected improvements 
by the park keepers (Figure. 5.6). Again, this supports our conclusion that workers 
expect more from strong leaders in the studied parks. It is observed that Lodhi Garden 
has the strongest leader amongst the four parks. Lodhi Garden is frequented by 
influential bureaucrats and politicians. Thus the park has to be maintained well to 
meet to expectations of the elite group and hence the leader plays the crucial role in 
the management of the park. The leader’s initiatives are reflected in the setting up of a 
butterfly conservatory, construction of an open air gym and training of stray dogs for 
security purposes in the garden. Hence, it is evident that a strong leader is capable of 
effective articulation of a convincing vision which leads to settling of high 
expectations by the followers and also inspires others to participate. The leaders tend 
to look into details of roles, responsibilities, structures and rewards in an organization 
(Nadler and Tushman 1994; LeMay and Ellis 2006) and their attention and ability 
leads to planning, organizing, implementing and evaluating projects to maximize 
results (Hoppe and Reinelt 2010).  In Bhuli Bhatiyari park, the absence of a leader 
who takes strong initiative is conspicuous from the dismal condition of the park. Here, 
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the workers don’t see dynamism in their supervisors and hence have lesser hope for 
further improvement in the park condition.  
 
Figure 5.7: Relation between Compactness and average problems faced by the park 
keepers. 
In a compact network, on average problems seem to be less serious (Figure 5.7). This 
means that more intense communication may really solve problems or at least give the 
feeling of problems being less severe. Peer interaction can foster cognitive 
development by enabling individual to acquire new expertise and realigning their 
ideas through discussion (Azmitia 1988). In Buddha Jayanti Smarak park, network 
compactness is high, indicating more interaction between the workers leading to 
collaborative problem solution. Hence perceived problems are less. On the other hand, 
Safdarjung’s Tomb, has a lesser compact network, indicating lesser interaction 
between the workers regarding the park. It is observed that the chain of reporting of 
security guards and the gardeners culminate to two different nodes. There is hardly 
any interaction or collaboration between the security guards and the gardeners, thus 
lessening the chances of resolving problems. Here there is dearth of constructivism 
amongst the workers and indifferent attitude towards the park and authorities leads to 
larger perceived problems.  
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Figure 5.8: Relation between Compactness and average number of species identified 
by the park visitors. 
According to Figure 5.8, compactness also contributes to a larger number of species 
being identified. This suggests that communication is also helpful in providing a 
better maintained park where visitors are more aware of their surroundings and there 
by promoting greater connection between people and nature in urban settings. The 
enhanced interaction of the park keepers of Buddha Jayanti Smarak park and Bhuli 
Bhatiyari park might have facilitated conversation, discussion and information about 
the species seen in the park leading to incidental learning. Studies have shown that 
bystanders observing flora or feeding wildlife tends to stimulate responses towards 
flora and fauna by others (Dick and Hendee 1986, Randler et al., 2007).  
Conclusion 
Till date, SNA has been applied to look into the organizational structure, comparative 
analysis of organizations (Tichy et al., 1979) and performance of individuals and 
groups in organization (Sparrowe et al., 2001). This study advances previous research 
by examining relationships between social network structure of park management 
communication system and the performance of parks. Three key takeaways have 
emanated from this analysis. Firstly, it is evident that networks having lower CG 
render greater satisfaction to the park keepers, owing to better communication 
between the highest and the lowest levels of the network. Low CG also makes the 
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organization more participatory, wherein needs of people are heard and fulfilled 
which in turn raises the expectation of the visitors from the park.  
Secondly, it is also observed that parks having stronger leadership as indicated by 
high MaxS, raises the expectation of the workers for further development of the parks. 
A strong leader ensures that there is effective control, involvement and also a certain 
level of dynamism in the management of the park. Initiation and implementation of 
novel ideas for the betterment of the park is reflected in positive acceptance by the 
lower levels, translating into better work output. Demonstrated strong and dynamic 
leadership i.e value of the highest person in the chain, also translates into more 
expectations for improvements in the park.  
Thirdly, greater closeness of the nodes in the network as indicated by high 
compactness is indicative of better collaboration amongst the workers which leads to 
lesser perceived problems. Having a sound interactive relationship between workers 
and their levels of control ensures that participation in the park upkeep is more 
inclusive and in turn increases quality, better management and expectations.  
The results of this analysis can be used for strategic restructuring of the informal 
structure of parks, so that so that a ‘more robust, resilient, responsive, flexible, 
innovative, adaptive and sustainable network structure is built and a creative 
organization emerges’ (Manso and Manso 2010).  Thus in order to accomplish the 
status of well performing park which is capable of meeting the needs of the urban 
community, there should be restructuring initiative by integrating strong dynamic 
leadership, capable of providing guidance, encouragement and support to help them 
overcome any difficulties the park may encounter (Quinn and Spreitzer 1997). Better 
communication and dissemination of information from the upper level to the lowest 
level of the park must also be ensured. The interaction and relationship of the 
coworkers on the parks should be strengthened and maximized so that the 
communication is broader wherein they can share job experiences and collaborative 
learning.  
All of this can be achieved if SNA arrives at the intended combination of high Max S, 
high compactness and low CG. In the final analysis, this combination is the perfect 
match to ensure that the park management works at maximum efficiency, translates 
itself into effective upkeep of the park and the ability to raise expectations of visitors. 
111 
 
Arriving at any other balance among the three would be a calculated decision that 
policy makers would have to make and may have the desired results with certain 
limitations.  What works best for each park would remain limited by local 
considerations but variation from the ideal Social Network considerations would 
reflect itself in the overall park management. 
Even though the study of four parks brings out the correlation between the network 
indices and park performance, future research on social network structure should 
consider more number of parks to make statistically robust statements. The 
relationship between other network indices and quality of park also needs to be 
further studied.  
Opinion about the leadership, the consideration of problems and the scientific output 
all seem to be correlating with the structure of the social network. This suggests that 
(1) social network analysis can be used as a monitoring tool to assess the performance 
of parks and to indicate their internal problems and (2) social network analysis can 
also be used as a strategic, consultancy tool for designing better-functioning parks.  
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Chapter 6 
Summary and Conclusions 
The changes in Delhi’s green spaces over the last few decades reflect a blend of 
various imprints left by socio-economic-demographic and institutional drivers. Urban 
population in Delhi has grown almost exponentially in the past few decades. Much of 
this growth is a result of migration from neighbouring states (Jain et al., 2011). This 
enormous growth of population is associated with increased opportunities and 
investments in the construction sector, which lead to unfettered expansion of the city. 
Unfortunately, urban nature in Delhi has become a victim of unprecedented, rapid and 
mostly unplanned urbanization leading to fragmentation, shrinking and disappearance 
of urban green spaces such as vegetation and waterbodies. This severely impacts 
ecosystem services and biodiversity. In spite of the ongoing degradation, Delhi has 
the largest green cover amongst three metropolitan cities of India, namely Delhi, 
Mumbai and Chennai (FSI 2013). This is primarily because of the ridge forests, the 
densely vegetated Delhi Cantonment area and large numbers of avenue trees in 
Lutyens’ Delhi. In the present research, drivers of change in green spaces has been 
critically reviewed and analysed at a global level; the impact of Delhi’s urban 
development on the extent and fragmentation of green spaces has been assessed; 
attitudes and perceptions of public visitors using parks in Delhi has been explored; 
and finally, management and communication networks that are associated with park 
governance have been investigated. 
The world urban population is increasing at a staggering rate and cities of developing 
countries of Asia and Africa are expected to gain the largest share of world urban 
population in the coming years (United Nations 2014). Often, cities in developed 
countries differ from cities in developing countries in terms of density and spatial 
form of urban land cover distribution. The cities of developing countries are growing 
in a frenzied manner leading to urban densification, with higher population density 
and marginal open space compared with cities in developed countries (Huang et al., 
2007; Schneider and Woodcock 2008).  
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Regardless of level of development status, many nations are facing the challenge of 
transition towards sustainable cities (Haq 2011). Urban sustainability requires 
enhancement of the quality of the urban environment and reduction of pollution, 
which can be to some extent brought about by improving the green cover of the city 
(Jim 2004). But in an urban system, the green spaces are in a continuous process of 
adaptation and change. A myriad set of factors driven by various human (social, 
economic and political) and natural (biophysical) forces, often operating as proximate 
causes, play a role in this changing green cover (Geist and Lambin 2002).  
The review of 66 studies across the world conducted in this thesis, assessing drivers 
of change in urban vegetation, revealed that changes in urban green cover are a direct 
outcome of dimensions of rapid urbanization at the proximate level. In most cases, 
depletion of urban green cover is mainly driven by rapid urbanization that requires 
infrastructure expansion. This has resulted in infringement of urban green spaces and 
is supplemented by urbanization and economic policies that stimulate further urban 
growth, at an underlying level. But there are instances of cities where conservation 
efforts for the existing greenspaces are underway and efforts have been made to 
compensate for the losses. This leads to increase in green spaces, an outcome of urban 
greening policies. Thus policies and planning, like urban reconstruction policies and 
greening policy guides agencies such as forest department and other agencies in 
management and augmentation of urban green spaces. Greening policies also resulted 
in the transformation of industrial land to green areas and to an increase in public 
institutional ownership, that have successfully preserved green spaces in some cities. 
Several cities have however experienced a decline in green cover as a consequence of 
reconstruction policy. In such cities of developing countries, meeting the basic 
demands of development are given precedence over the efforts of green space 
preservation and enhancement, thus leading to the overshadowing of greenery and 
other environmental concerns by developmental needs and agendas (Jim 2004).  
In general, there is a dearth of adequate attention of urban policy on urban greening, 
globally, as well as in South Asia (United Nations 2014). Further, there is a need to 
advance understanding of the causal association between the role of human drivers 
and urban forest fragmentation in Asia (Gong et al., 2013). Hence, understanding the 
impact of urban development in shaping differences in the extent and fragmentation 
of green spaces in the large megacity of Delhi and evaluating the role of public 
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institutions in protecting green spaces helps in advancing our understanding of the 
pattern-process relationship between urbanization and land cover 
change/fragmentation in Delhi. 
Globally, urban land use/land cover and vegetation change has been successfully 
monitored by the use of Remote Sensing and Geographical Information System (GIS).  
Developing countries are extensively adopting low cost GIS, underlying Spatial Data 
Infrastructures (SDI) and spatial methods of analysis to find a solution to various 
emergent issues and problems arising out of urbanization, while developed countries 
are increasingly using high-resolution satellite imageries and aerial photographs for 
understanding the spatial distribution of vegetation. The present research has also 
successfully used satellite imageries from three dates since 1986, spanning 25 years, 
for monitoring of extent, distribution and fragmentation of Delhi’s greenspace. The 
impact of built environment and the spatial differentiation of urban vegetation can be 
understood in the light of sociological data and observations. Majority of the studies 
from developed countries address variation in urban vegetation in relation to socio-
economic, demographic variables (education, minority status, household income and 
household density) and land tenure derived from secondary sources, telephonic 
interviews and mailed questionnaire surveys. Like most other studies from developing 
countries, my study also used field observations for the training, verification and 
interpretation of the classified images. The present study created vegetation cover 
change trajectories, where in, information from images of two time periods is fused to 
create a vegetation change trajectory for each pixel in the image. This relates the type 
of transformation occurring in that location (Nagendra et al., 2012), thereby imparting 
a greater understanding of the course of change in urban vegetation cover. Future 
research aims to build on this database, using high-resolution imagery to study the 
drivers of distribution and fragmentation of urban vegetation at a finer scale. 
This research shows that the extent and pattern of distribution of Delhi’s green spaces 
is shaped by urban patterns of development. The city core contains more green spaces 
with less fragmentation compared to intermediate areas and the peri-urban periphery. 
Yet, the city core comprising of Old Delhi tehsils (Karol Bagh, Paharganj, Sadar 
Bazar, Daryaganj, Kotwali) and New Delhi tehsils (Parliament Street, Connaught 
Place and Chanakyapuri), has also experienced the greatest degree of vegetation 
clearing and fragmentation since 1986 due to infrastructural expansion, while the peri-
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urban periphery has shown an increase in vegetation and a decrease in fragmentation 
due to compensatory plantation in these peripheral areas. Public institutions like forest 
areas, archaeological sites, and military and academic campuses have played a major 
role in protecting green cover and limiting fragmentation in the core and intermediate 
areas of the city. Apart from clearings for infrastructural development and 
encroachments, Delhi Ridge, the ‘green lung of Delhi’, is still intact. On a positive 
note, the Southern Ridge gained vegetation between the years 1999 and 2010, because 
of eco-restoration initiative by the Eco Task Force. The periphery showed a trend of 
increase in vegetation cover between 1999 and 2010, due to afforestation and 
development of number of small urban forests and parks as part of compensatory 
afforestation measures and plantation initiatives by Government organizations, civic 
groups and Resident Welfare Associations. According to the directives of the Central 
Government, compensatory afforestation is usually undertaken when there is de-
reservation or diversion of vegetated land for non-vegetated uses. Such initiatives 
need to be significantly strengthened and supported by planners and administrators 
with an aim to protect critical urban ecosystems in the peri-urban city fringe. 
With the urban expansion and densification, large numbers of urban parks in Delhi are 
successful in preserving and enhancing the green cover of the city. Urban parks and 
gardens provide an opportunity to the city dwellers to connect with nature. This 
research used primary data gathered through a survey conducted among visitors and 
keepers of four of the city’s large iconic parks in New Delhi, namely, Buddha Jayanti 
Smarak park, Lodhi garden, Safdarjung’s tomb and Bhuli Bhatiyari park. Both 
quantitative and qualitative analysis techniques have been used to analyse the data 
collected. Similar to the most studies on visitor perception studies worldwide, the 
questionnaire survey revealed visitors’ perceptions, expectations and accessibility of 
the urban nature in Delhi. 
The study showed that people are in favour of more green spaces, with visitors 
deriving a wide range of benefits. Visitors valued green spaces primarily for 
environmental, psychological and health benefits. There is a variation in the responses 
of different age groups. Older respondents valued environmental, psychological and 
health benefits, while younger respondents were more aware of the other benefits of 
green spaces, like timber, food and opportunities for environmental education. But 
surprisingly they have limited awareness of biodiversity, with one out of 3 visitors 
116 
 
unable to identify tree species, and one out of 4 visitors unable to identify animal 
species frequenting the park. Hence, there is need for nature education efforts, so that 
there are more informed and environmentally aware urban residents. 
In Delhi large number of parks is managed by various agencies, like DDA, CPWD, 
ASI etc. or in alliance with non-governmental organizations, resident’s welfare 
association. Apart from the parks/gardens maintained by the Archaeological Survey 
of India, entry is free in most of the parks. ‘The assessment of willingness to pay is 
indicative of the value attributed to parks/gardens by the individuals’ (James et al., 
2009). Visitor opinions were divided over their willingness to pay for park use, with 
most asking for improved safety and infrastructure. Safety for women and families, 
especially, represented a constraint on the use of parks, particularly in the interior 
areas of these large parks. Thus, there is need for increased attention to security, 
which will help residents to access urban green spaces in larger numbers without 
compromising their personal safety.  
The amount, quality and distance to urban recreation areas and green space affect as 
to how urban citizens use green spaces to meet daily recreational needs (Tyrv¨ainen 
and Väänänen 1998; Van Herzele and Wiedemann 2003). This research ascertained 
that the majority of daily visitors were located within 0.5 km of these parks. However 
some visitors traveled over 10 km to visit major, iconic city parks, despite having 
smaller parks in their neighborhood. This study underlines the importance of large, 
well maintained, publicly accessible parks. Even though there are large numbers of 
neighborhood parks, the accessibility of parks is low in Delhi.  Hence, the study 
makes evident the need for increased green spaces to maintain human health and 
wellbeing in a city of 16 million inhabitants. Delhi is also home to great ethnic and 
cultural diversity and to economically less privileged communities. In future, it will 
be interesting to look into the perception of visitors of diverse ethnic, cultural and 
economic backgrounds, whose needs and interests are different from the general 
population and are often ignored. This will assist planners and managers to make 
more informed and equitable decisions to fulfill the need of diverse users (Gobster 
2002). Nevertheless this study of visitor perceptions adds to the small but growing 
literature on people’s perceptions of and needs from urban green spaces in cities in the 
global South. The integration of people’s expectations and preferences regarding 
urban green spaces by the planners and urban would render a more satisfying urban 
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nature experience and could help to increase the uses of green space by a diverse mix 
of gender and age groups. In the near future, urbanization induced societal changes 
will bring in changes in the perception of greenspaces and environmental knowledge, 
hopefully with improved awareness of conservation issues, as observed in China 
(Watson 2000; Jim and Chen 2006). 
Delhi has a large number of parks and gardens. They are administered by different 
civic bodies alone or in alliance with non-governmental organizations, resident’s 
welfare association and private sector organizations (Raut and Raut 2013). But the 
challenge lies in identifying a model of governance that works best, which can 
effectively facilitate a rich urban nature experience for its users. The success of a park 
agency is dependent upon the quality of the visitors’ experiences (Hamilton et al., 
1991). The study of park governance structure and its relation with park performance 
reveals the following. First, there is requirement of a strong and dynamic leader 
providing guidance and encouragement to the workers. Second, better communication 
and dissemination of information from the upper level to the lowest level of the park 
is an essential requisite. Lastly, strengthening and increasing the interactions of co-
workers in the park is also important as it will lead to collaborative learning and 
sharing of job experiences. The ideal amalgamation of these three findings would help 
in achieving well-managed parks, capable of providing satisfying park experiences for 
visitors. Changes in park governance are internally driven in response to external 
demands i.e. the demands of the park users. But the alteration of the structure of 
governance is a challenging endeavor. Yet, this study has implication for planners, 
managers and civic agencies for effective upkeep of the parks. Even though only four 
parks were considered for analysis, a clear relationship emerged between the network 
indices and park performances. Building on this study, we can develop a more 
generalized understanding of the relationship between the network indices and park 
performance. 
Social Network Analysis mapped the communication networks and the structure of 
management of the parks to relate them to the park performance. In recent years, 
growing number of studies have effectively used SNA in the study of natural resource 
management, with focus on adaptive co-management of natural resources. But Social 
Network Analysis of the parks put forward strategies for the public authorities for 
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effective management and governance of the parks capable of rendering the satisfying 
urban park experience.  
By the year 2028, India will be the most populous country in the world over-taking 
China and in the coming decade Delhi is likely to have 20 million inhabitants (United 
Nations 2014). Thus the unrelenting growth of the urban population will put excessive 
pressure on existing resources, leading to contested access to water, green space and 
other natural resources. This is likely to eventually lead to loss of ecosystem services, 
connectivity and disappearance of biodiversity. The urban planner and manager have 
a crucial role to play in combating the detrimental fallouts of development and 
urbanization and improve the quality of urban life. The present thesis adds to our 
spatio-temporal knowledge for monitoring changes in vegetation cover and 
fragmentation in urban areas in the Indian context and its association with 
socioeconomic and institutional drivers. The study examines where the changes in 
vegetation cover have occurred, what are the drivers of such changes, what are 
people’s expectations from urban nature and how park management networks enable 
the needs of visitors to be fulfilled. Incorporation of the findings in the planning and 
designing of urban green spaces in Delhi will ensure healthier green infrastructure, 
rendering important ecosystem services and adding to health and wellbeing of urban 
communities. In summary, in order to overcome the growing challenges of 
urbanization and to render a truly environmentally and socially sustainable city, there 
is need to embrace a set of managerial strategies and practices suited for it. The 
findings of the present research can serve as useful reference for planning authorities 
and designers. This will ensure the protection and enhancement of biodiversity and 
support green spaces to improve human well-being, hence steering ecologically smart 
city growth. 
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Annexure 1 
Questionnaire for park visitor survey. 
Park name:                                                                                               Date: 
Basic Information 
1. Name:  
2. Age: 
3. Gender : Male /Female 
4. Education:  
5. Occupation: 
6. Years of stay:  
Environmental Awareness 
7. Do you have plants at home?    Yes/ No 
8. Do you feel the need for more green spaces/parks?     Yes/ No 
9. Do you take part in protecting nature?     Yes/ No 
10. If you take part in protecting nature, then how?       
11. What plant and animal species have you noticed in this park? 
 
Main uses of green space 
12. What are the uses of green spaces? 
 
Satisfaction of daily recreational need 
13. Do you think entry fee should be collected from the visitors?  Yes/ No 
14. If there is an entry fee, will you be visiting this place again?    Yes / No 
Quality of nature 
15. What is your assessment of the quality of this park? 
a) Very good    b)   Good      c) Satisfactory      d) Bad    e) Very bad. 
16. How do you think this park can be improved so that more people come here? 
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17. What are the changes in plants and animal species over time? 
 
Distance to the green space and frequency of use 
18. How close do you stay to the park?  
19. How often do you visit this park? 
20. How far is the closest park from your place of residence? 
21. How often do you visit this park?  
143 
 
Annexure 2 
Questionnaire for collecting social network data. 
Park name:                                                                                Date: 
Personal Information 
1. Name:  
2. Occupation:  
3. Place of stay:  
Respondent’s involvement in Park 
4. Are you satisfied with the greenery in this park? 
a) Very satisfied       b) Satisfied           c) Not very satisfied       d) Dissatisfied. 
5. What are the problems faced by this park?       
 
6. How do you think you can overcome these problems?  
 
7. What improvements do you want to see in this park?  
 
8. Have you noticed any changes in the park over time?  
 
Important contacts 
9. Who do you report/share issues regarding the park? 
 
10.  How frequently you meet?  
 
11. Who is the most important authority to whom you report regarding the park?  
 
12. With whom you don’t want/ like to share issues regarding the park?  
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Other Contacts 
13. Regarding matters of the park, do you interact with other people outside the park?  
 
14. How frequently you meet?  
 
 
 
 
 
 
